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IMPROVEMENT OF THE QUALITY OF PRODUCTION 
IN INSTRUMENT-MAKING 


B. L. Sokolov 
Translated from Izmeritel'‘naya Tekhnika, No, 3, 
pp. 1-3, March, 1961 


The enormous tasks outlined by the 21st Party Congress, the June (1959) and July (1960) plenary sessions of the 
CPSU (Communist Party of the Soviet Union) Central Committee, on speeding up technical progress, introducing new 
equipment, production automation, and raising labor productivity, cannot be carried out without the wide application 
of modern high-quality measuring instruments in our national economy. 

The growth of instrument-making places important duties on the Committee's local agencies, which should take 
the necessary measures for improving the quality of production, discontinuing the manufacture of obsolete instruments, 
carrying out state and routine testing of the manufactured instruments on a high technical level, etc. In this connec- 
tion the personnel of the Committee's local agencies must intensify their control of the instrument-making industry. 

The GKLs (State Inspection Laboratories) should establish closer relations with the planning authorities of the 
Sovnarkhozes (Councils of National Economy) and regional Soviet executive committees, acquaint themselves with 
the planning of instrument production, with the dates set for completing the development work, for making experimen- 
tal models and starting their mass production. It is important to insist that the State Planning Committees of Union 
Republics and the Sovnarkhozes should plan new instrument production and should transfer the manufacture of instru- 
ments from one establishment to another by agreement with and taking into consideration the opinions of the Com- 
mittee ‘'s accredited representatives at the Councils of Ministers of the Union Republics and of the heads of the GKLs. 
The provision should be strictly enforced that the mass production of a new instrument can only be planned when it 
is known that this instrument has successfully passed state testing, which should constitute one of the stages in the de- 
velopment of the instrument. 

Close relations should also be established with scientific research institutes and design offices which are develop- 
ing new types of instruments. A routine should be established to make the production even of a single type of instru- 
ment impossible without the knowledge of the GKLs and the committee. 

As the result of their business relations with the planning authorities the GKLs should have precise plans for the 
development and production of new types of instruments, improvements and modernization of the equipment in pro- 
duction, discontinuing the manufacture of obsolete instruments, and their replacement by modern designs. It is nec- 
essary systematically to check through the agency of the Sovnarkhozes and Soviet regional executive committees the 
assortment of the instruments being produced. 

The heads of the GKLs should take part in the regional and republican conferences, raising there the problem of 
improving planned production of new instruments and the specialization of plants, and strengthening the methodical 
supervision of instrument-making by the local scientific research organizations. 

In some instances directors of instrument-making plants tolerate infringements of government regulations on the 
procedure in testing and manufacture of instruments and in their state testing, as well as the infringement of the Com- 
mittee's regulation 12-58 and 2-59. The GKLs should keep an up-to-date list of establishments which are producing 
or intend to produce measuring instruments, and demand that they adhere to the Committee's regulations. Organiza - 
tional and technical instruction of the personnel of instrument-making plants should be carried out at the proper time 
on all the problems involved in the production of measuring instruments. 

One of the methods by which the GKLs can actively effect an improvement in the work of instrument-making 
plants consists in the participation of the GKLs in the factory technical conferences on the quality of production, in 
technical commissions, workshop meetings and in factory party conferences. The GKLs should systematically partici- 
pate in the technical conferences organized by the chief engineers of instrument-making plants for discussing the re- 
sults of routine instrument testing. The GKLs should make proposals at these conferences for practical measures to be 
taken in order to eliminate defects discovered in testing. Judging by the experience of the Ivanovo GKL such cenfer- 
ences produce good results, make it possible to eliminate defects rapidly, and efficiently to solve organizational 
problems. 

It is advisable to hold conferences at the instrument-making plants on the quality of production, with the par- 
ticipation of consumers‘ representatives, and to establish the practice of periodic check dismantling of instruments, 
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thus making it possible to discover directly any defects and to take the required measures for their elimination. It is 
also important to hold technical conferences on the results of the state testing of instruments. Such conferences are 
held by the personnel of the Sverdlovsk branch of the VNIIM (All-Union Scientific Research Institute of Metrology) 
in conjunction with the local GKLs on the premises of.the inspected plants. 

Every GKL must assist the instrument-making plants in improving their production. For this purpose they should 
take part in working out measures for the elimination of defects discovered in routine testing, in studying the instru- 
ments’ operational qualities, and in analyzing complaints. The GKLs should also present recommendations on improve - 
ment and modernization of instruments in production, on starting the production of improved types of instruments, on 
the provision of reference instruments, and on organizing checking and service inspection of the measuring equipment. 
The GKLs should daily check the correction of defects in instruments within the specified time, the extent and quality 
of factory testing of instruments, the efficient and timely preparation for state checking of instruments which are ready 
for delivery. 

The GKLs must see to it that the manufactured instruments are up to the modern level of technical development 
and meet the requirements of our national economy. They should carry out this work in conjunction with the design 
office personnel and leading technical workers in the plants and Sovnarkhozes. 

It is necessary to attract the personnel of factory test laboratories, scientific research institutes, design offices, 
etc., to the work of improving the manufacture of measures and measuring instruments, and of organizing the system - 
atic exchange of experience between factory test labomtories (conferences, information on instrument-making prob- 
lems, demonstration at the plants of the most modern means and methods of measurement, etc.). 

According to the experience of the Krasnodar and Ivanovo GKLs and others, it seems advisable to allocate GKL 
personnel to each instrument-making establishment for supervising all the measures taken in the production of instru - 
ments and for checking their execution. This makes it possible to study any given enterprise, to analyze thoroughly 
the reasons for rejects in production, to analyze them systematically, to conduct efficiently surprise inspections, to 
check the observance of technological procedures, and to take any measures connected with improving the quality of 
production, 

In the plants where the finished products are checked by state inspectors, the GKLs should establish control and 
checking stations (KPP), whose operations should be based on "Regulation on control and checking stations", approved 
by the head of the GKL in consultation with the factory administration. 

The tasks of the KPPs are not limited to state testing of finished instruments. The KPP personnel should also 
study, together with the factory personnel, the design and operational properties of the instruments; they should make 
a systematic study of complaints received by the plant, and together with the factory personnel take the required 
measures for correcting defects in the instruments; they should make routine tests of the manufactured instruments, 
supervise new development and modernization of instruments, make proposals for discontinuing the production of ob- 
solete instruments and starting the production of new improved instruments, The KPP personnel should also report to 
the head of the GKL any infringements or non-observance of specifications regarding the quality and the method of 
production of instruments, in order to take the required steps for correcting these infringements, they should check the 
condition of all the measuring equipment at the plant and take the necessary measures for its improvement. 

The heads of the KPPs should not tolerate any deviation from specifications, GOSTs (All-Union State Standards), 
or the established manufacturing procedure. 

The GKLs should pay special attention to the condition and quality of technical information compiled by the 
designers and submitted to the Committee's institutes together with the instrument models subject to state testing, 

The lack of attention on the part of GKLs to this question often leads to instructions based on obsolete standards, 
contrary to existing standards and lagging behind the latest developments in instrument-making. 

It is known that the study of the operational properties of instruments helps to discover latent defects and im- 
prove the quality of the instruments. Such studies should be combined with routine testing and conducted by the fac- 
tory personnel. Valuable experience has been gained by the Leningrad Sovnarkhoz,which has organized a “Laboratory 
of Reliability", where work is being conducted with the aim of increasing the life of the instruments and improving 
their quality. The Krasnodar GKL, which was instrumental in bringing about a considerable improvement in the 
quality of the instruments produced in its region, is not content with analyzing rejects and studying complaints re- 
ceived by the factories. It sends questionnaires on the quality of the instruments to every region of the Soviet Union. 

Attention should be paid to raising the role of the GKLs, the design offices and instrument-making plants in in- 
troducing new measurement equipment into our national economy. It is known that the instrument-making plants 
are obliged to master the production of new improved instruments in a given time. In many instances the factories 
delay the development and adoption of new types of instruments, The GKLs should insist through the leading regional 
and territorial organizations that the development of new types of instruments be completed in time, plans for the 
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adoption of new designs be put into effect, the production of obsolete measurement equipment be forbidden, and 
should stop if necessary the state testing of defective or obsolete instruments. 

One of the basic activities of the GKLs which require an improved and efficient organization is the routine test- 
ing of instruments. Many defects exist to date in these tests, such as the failure to combine these tests with a study 
of the operational qualities of instruments, and a negligent attitude to the enforcement of technological processes, to 
checking the state of the production equipment and to the work of auxiliary workshops and subsidiary plants, The de- 
fects of routine testing also include the lack of the enforcement by the GKLs of the GOSTs and the technical regula- 
tions on the packing of instruments and the complete supply of specified components. In many instances the GKLs 
have been guided in their work by obsolete GOSTs or have not been aware that the tested instruments have been stand- 
ardized. 

At present routine testing of instruments has grown in importance. These tests are the main method used by 
the Committee's agencies for state-testing the quality of instrument-production. It is, therefore, necessary to change 
in many respects both the form and technique of these tests. 

It is necessary to involve in them on a wide scale the experts of the purchasing organizations, thus making it 
possible to discover certain defects in the instruments which it would have been difficult for the GKL personnel to 
find, and to provide tests with respect to parameters which would have been omitted by the GKLs and the manufac- 
turing plants owing to the lack of the required devices, equipment and test conditions. 

Routine testing is most efficient when a group of instruments similar to each other in their application and de- 
sign and having standardized units and components are tested at the same time. This provides not only a saving in 
time but also makes it possible to arrive at conclusions regarding the quality of production and the observance of tech- 
nical requirements in several types of instruments simultaneously. Defects discovered in one group of instruments 
make it possible to evaluate other groups if in their design similar circuits, units and components are used, 

Great attention should be paid to the planning of routine tests,which should be systematically reviewed. The 
testing procedure should be arranged in such a manner as to reveal whether the instruments attain modern technologi- 
cal standards and satisfy the requirements of our national economy. The tests should also reveal any defects in the 
instruments and the reasons for these defects. The testing procedure should be determined by the experts of the organ- 
izations taking part in the tests. 

The manufacturing quality of the instruments should be determined first of all by examining the customers’ 
complaints and studying the operational qualities of the instruments as well as the results of factory testing of these 
instruments, Next, sample instruments should be tested to ascertain whether they meet the specifications, GOSTs and 
instructions of the Committee, The instruments should also be tested with respect to the parameters whose short - 
comings were found in studying the operational qualities of instruments or were contained in the customers’ com- 
plaints. 


The GKLs should examine all complaints carefully and should not be satisfied with the usual formal answer 
that the defect was due to unsatisfactory transport conditions. 

If the methods for testing certain parameters are not provided for by the GOSTs and by the Committee's instruc - 
tions, the GKLs should be guided by the technical instructions in agreement with the appropriate institute of the Com- 
mittee, 

The GKLs should considerably improve their work in checking the fulfilment of the suggestions made by various 
establishments as a result of their testings. The implementation of the suggestions should be checked at the specified 
time instead of waiting for the time of routine testing. 

If it is found that an instrument is unsuitable or obsolete it is necessary to send to the Committee a substantiated 
request for prohibiting the production of such instruments. 

It is desirable for the GKL personnel engaged in supervising instrument-making to acquaint themselves with 
the entire technological process in the design and production of instruments. 

The personnel of GKLs.on whose territory there have been in the past no instrument-making plants should be 
trained in instrument inspection at other laboratories. 

The Committee and its republican administrations should periodically hold seminars for the GKL personnel, 
acquainting them with the latest achievements in instrument-making and measurement techniques, and organize 
special conferences for various branches of instrument-making. It is also necessary for the GKLs to receive up-to- 
date and exhaustive information on the condition of instrument-making both at home and abroad. 

The workers of the Committee's system have all the possibilities at their disposal to ensure that our industry 
produces in the near future measuring instruments only of the highest quality. 
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LINEAR MEASUREMENTS 


NEW DEVELOPMENTS IN COORDINATE MEASUREMENTS 


T.S. Gladilina 
Translated from Izmeritel'naya Tekhnika, No, 3, 
pp. 4-7, March, 1961 

The coordinates of hole centers in plates and bridges of watches and other instruments are measured on univer - 
sal measuring microscopes or on coordinate boring machines. These instruments and machines are inefficient for 
measuring coordinates, since they are not intended for such measurements. 

This is why our industry has developed to a specification supplied by the Horological Scientific Research Insti- 
tute a coordinate measuring microscope MKI intended for accurate and productive measurements of coordinates in 
miniature details, as well as for the measurement of distances and angles. 

The maximum lengths measured by the MKI in two mutually perpendicular directions are 100 x 100 mm, the 
microscope graduations for measuring length amount to 1p and for angles to 10"; the error in length measurements 
amounts to 2u. 

The appearance of the instrument is shown in Fig. 1. The longitudinal table 2 and the transverse carriage 3 
can be displaced on the baseplate 1 in two mutually perpendicular directions by means of a rack-and-pinion drive. 
The millimeter glass scales,which have 100 divisions at intervals of 1 mm, are attached to them and displaced with 
them. For a rough adjustment the table and the carriage are displaced by fly-wheel drives 4 and 5 (drive 5 is located 
behind knob 7 and cannot be seen in Fig. 1). Their accurate displacement is made by means of knobs 6 and 7. 
Their linear displacements are read off the scales (Fig. 2) in the field of vision of the measuring microscope 8 with a 
magnification of 50, mounted on the baseplate. The scale with eleven pairs of bisection lines and a vertical index 
line is fixed, and the one with 100 graduations is adjustable by means of the fly-wheel drive 9. The figures inscribed 
above the bisection lines denote tenths of a millimeter. Calibrations of the millimeter scale serve as pointers for 
reading off the above scale, The figures on the moving scale denote hundredths of a millimeter, and each division 
of this scale read against the fixed index denotes microns. The optical circuit of the instrument is arranged in such 
a manner that the longitudinal and transverse millimeter scales are seen alternately in the microscope's field of 
vision. These scales can be seen through one microscope owing to their alternate illumination by means of the con- 
trol board 10 and a special system of prisms. Moreover, the field of vision is illuminated by a yellow-green color 
for the longitudinal, and a blue-green color for the transverse scale. 

The vertical guides of the transverse carriage serve to displace a 75 mm tube 11 with a central microscope 12, 
which has an exchangeable eyepiece head. One head is linear with dotted crosshairs, another consists of 25 concen- 
tric circumferences with continuous crosshairs, and the third has a split (double) image. The linear head is intended 
for checking the instrument and umpire measurements, and the concentric head is for rapid sighting of through -hole 
centers. The microscope's field of vision for an amplification of 30 is 5.7 mm, and for an amplification of 50 it is 
3.4mm. The brightness of the field of vision illumination is controlled by means of the iris diaphragm 13 fitted 
with a calibration scale. For the purpose of illuminating the object by means of reflected light, illuminator 14 is 
used, which is fixed to the lower part of the microscope tube. 


a 
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Fig. 4 Fig. 6 


The longitudinal carriage of the instrument is fixed to a plane table which is provided with an independent co- 
ordinate displacement with respect to the carriage by means of micrometer screws. The upper plate of the plane 
table carries a turntable 1 (Fig. 3) with a centering plate 2, which can also be displaced in two mutually perpendi- 
cular directions with respect to the turntable by means of screws. The angles of rotation of the table are read off an 
optical scale by means of microscope 3, whose field of vision is shown in Fig. 4. 

The stages of the turntable and the centering plate are marked with crosshairs.. Owing to the crosshairs and 
micrometer screws of the MKI instrument its stage and microscope can be rapidly centered and the object placed into 
position for measuring its coordinates. 

The direction of coordinates in this microscope is the same as that adopted in mathematics and drawings, i.e., 
the longitudinal X-axis runs from left to right, and the transverse Y-axis runs from bottom to top, or away from the 
observer who stands facing the instrument. 

Tests have shown that the productivity in measuring coordinates with the MKI instrument is 2-3 times higher 
than that attained with the UIM-21 microscope or with coordinate boring machines. 


The articles are passed or rejected by determining the coordinate deviations Ax and Ay from the nominal di- 
mensions of the centers of their holes or some other points; 


Ax=x—25; 


Sy=y—Yo. 


where x, y and Xo, Yo are the measured and nominal coordinate points respectively. 

When the components are checked for deviation of the spacing between their axes the measurement results are 
processed by the graphic-analytical method [1]. 

Here we shall examine the processing of the measurement results when the position of the points is checked by 
the tolerances in their nominal coordinates. 

The simplest and commonest method of processing these results is by means of a parallel displacement of the 
origin of coordinates along both axes. If the coordinate tolerances for all the checked points are the same the origin 
of coordinates is displaced independently along each axis X and Y by the amounts a and b respectively, in such a man- 


ner that the maximum plus or minus deviations from the new axes X* and Y' are the same; the coordinates of the new 
origin are determined from (2) 


(1) 


a= = Ymax Ymin, (2) 


where “max, ‘min, “* and Y min 4t@ the maximum and minimum algebraic deviations of coordinates in a group 
of checked points taken independently of the fact to which actual point they refer. 


The deviations of the coordinates of each point in the new system X' and Y* are determined from (3): 
(3) 


In the case when the coordinate tolerances are equal, the component is passed by the positioning of its holes if 
the maximum (in its absolute value) + deviation of its points along either of the axes is smaller than the tolerance, 
and the component is rejected if it is larger. If the tolerances in the coordinates of various points are not equal, the 
origin is displaced by the value of the tolerances and the measured deviation of the point coordinates. 

The processing of the results by the parallel displacement of the origin is not sufficient, since it does not elim- 
inate the error due to the turning of the measuring base. 


In fact, all the points of a machined component are inevitably plotted with unknown errors. The setting points, 
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i.e.,the points chosen for the measuring base,are also subject to errors. Owing to this circumstance it is possible to 
place various components in a different manner with respect to the actual system of coordinates and obtain in coor- 
dinate measurements different deviations for the same points of the component. 

Let, for instance, two points A and B (Fig. 5) be chosen for the measuring base. It may be found after the bor- 
ing of 3 holes with their centers at points A, B, and C that in fact the centers of two holes are close to the nominal 
value (points A and C), but the center of the third hole has a considerable displacement with respect to its nominal 
point B along both axes by the amount of Ax. and Ay (Point B*). In this case after setting the component on the in- 
strument for measuring the coordinates of pofiats A B’, the component will be rotated through an angle Aq from 
its correct position. This is equivalent to saying that the component will not be measured in the coordinate system 
XY, but in a new system X‘Y". In order to eliminate this error it is necessary to rotate the system of coordinates and 
determine how the coordinates of the checked points are affected by this rotation. 

The variations of the coordinates 54x, and 51Yp of an arbitrary point P of the component (Fig. 6), when the 
coordinates X"Y" are rotated through a small angle Sy about their new origin, which coincides with point i of the 


component, are equal to 
=x, cos 4g + Yp sin bq—x, (cos dg—1)+ 
+y, sin 
Yp cos se—x,, sin so—y, = 
= (cos sin Aq. (4) 
For small angles of rotation cos Ag ~1, and sin Ag is directly proportional to Ag. Reverting to the coordi- 


nate system XY and assuming that it is not the system XY" that is rotating but the component, we obtain an expres- 
sion for the coordinate variations 5xp and Sy, of point P: 


8xp=—(¥p—y;) -0.00029- dp - 1000=—0. 29 (yp—y,) 
Syp=+ 0. 29 (x,—x,) Aq. 


where 6xp and dypare expressed in microns, x, , y,, x; and y; in millimeters, and Ag in minutes. The values of 
5xp and dyp,are calculated [see (6)] from the nominal coordinate points, which is permissible, since these calcula- 
tions produce a second order error which can be neglected. 


(5) 


Such calculations are made for all the points checked by their coordinate tolerances for rotation angle 4¢ 
values of 1° or 30" and an appropriate table is compiled. By means of this table it is possible to determine, from (7) 
and the coordinate deviations of the points measured at one setting of the component, the new coordinates of points 
for different settings of the component, and to arrive at correct conclusions whether to pass or reject the component. 


=y, +5y,. (7) 


It is recommended that in symmetrical components (for instance, a round or rectangular plate) which have a 
hole in the middle, the center of that hole be taken as the point of rotation. In asymmetrical components, such as 
cocks of watches, the center of the hole which serves to fix it to another detail should be taken as their center of ro- 
tation. 


TABLE 1 


Rotation Variations in the coordinates of points, 
Vv 


A 
-1' -1.7 | 1.9 -0.8 2.8 -0.6 | 3.8 0 | 
0 0 0 0 0 0 0 0 | 
+1" 1.7 |-1.9 0.8 | 2.8 0.6 |-3.8 0 
+2" 3.4 |-3.7 1.7 |-5.6 1.3 |-7.6 0.1 Fig. 7 
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The basic data for calculations consist of the nominal coordinates of the points. The base hole S, has nominal 


coordinates of Xs, = 109.360, and ys, = 106.500. 


Let us now calculate coefficients ky and k, for point III, which has nominal coordinates of Xn1* 103,435 and 


= 101.394: 


The values for 6x and &y were calculated in a similar manner for the remaining points (see Table 1, shown in 


an abridged form). 
TABLE 2 


k,=—0.29 (Yn7—Ys,)= +1.48 
k,=0.29 )=—1 an 


As an example let us calculate a table for the values of 8x and éy for the centers of holes Ill, IV, V and Ss 
of a gearing cock in the “Pobeda” watch, when it is rotated about the center of its base hole S, (Fig. 7). 


Since variations in the point coordinates are directly proportional to the rotation angle 4¢,. and for 4g =1' 
they are §Xny =1.5 w and Sy; =-1.7 pw, for an angle of Ag =2" the variations will be twice as large, etc, 
For negative angles the coordinate variations will be of the same numerical value but with the reversed sign. 


Number 


Processing of measurement results by means of a complete transfor - 
mation of the coordinate system 


of 
the point 


Maximum 
deviations 
of points, 


Measured 
deviations 
of point co- 
ordinates, 


Processed deviations of point 
coordinates, 


By displacing the 
origin of coordinates 


By displacing the origin 
and rotating the coordi - 
nate system about point 
Sa 


Ax" Ay" 


+5 £5 
#5 #5 
+4 +4 


+12 -3 
+13 -10 
0 0 


+5 -4.6 


+1 +4,3 +2.7 
-6 +3,4 -4,7 
+4 +4 +4 


+3.4 -3.9 


Let us apply the displacement of the origin: a=-4y and b=+4y (Column 4), We find that for the given set- 
ting of the components the coordinate deviations Ax" and Ay’ for the majority of the points exceed the tolerances. 
These calculations can be easily performed mentally, Let us now examine the component's angle of rotation A ¢ = 
+2", Column 5 shows the point deviations §x” and Sy” for a new setting of the component which differs from the 
previous setting by an angle of A y=+2', They are calculated in the following manner: 


For point III: 


Next we determine whether to pass or scrap the component by the maximum deviations of the coordinates 
shown in Column 2 of Table 2, 


Column 3 of Table 2 shows the measured deviations of the point coordinates, 


The values of and yy for A are taken from Table 1. 


a 
Along axis |Along axis 

Ill +8 

IV +8 

Vv +9 ; 

“4 

Ss +11 
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The new deviations of the remaining points are calculated in a similar manner, The deviations of the points 


of the new setting of the component do not exceed tolerance, Hence, the component can be passed with respect to 
the position of these points, 


The processing of measurement results by the above method of complete transformation of the coordinate sys- 
tems, Which was developed and introduced by the author at the Chistopol’ watch-making plant, raises considerably 
the accuracy of checking the position of holes by the tolerances for the positions of their centers. 
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INSTRUMENT FOR SELECTIVE SORTING OF SLIDING 
PAIR COMPONENTS 


Ya. V. Aksenov, V. B. Kogan, A. P. Kurochkin, 
and A, B, Lind 


Translated from Izmeritel’naya Tekhnika, No, 3, 
pp. 7-8, March, 1961 


The existing methods of checking conjugate diameters of sliding pairs are nonproductive and do not provide 
the required accuracy, as a result of which the checked components have to be lapped to each other. This operation 


alters the dimensions and the geometrical shape of the details, thus leading to a reduced life of fuel pumps and a 
lowering of their hydraulic tightmess. 


In this connection the Interchangeability Bureau has developed a pneumatic instrument for an efficient and ac- 
curate checking of sliding pair details. 


A low-pressure instrument mass-produced by the "Kalibr™ plant was used for testing purposes, However, this 
instrument is designed for simultaneous checking of only two parameters and does not provide differential measure - 
ments, and lacks luminous signalling. The first difficulty was overcome by fitting the mass-produced instrument with 
a new distributor and additional manaqmetric tubes, The second difficulty was overcome by means of a photoelectric 
transducer, whose schematic is shown in Fig. 1. The instrument is filled with distilled water tinted with a black dye- 
nigrosine (GOST 4014-48), a tubular lamp 1 is placed on one side of the measuring 
tube, and on the other, diaphragm 2 and a photoelectric transducer which consists of an 
ebonite plate with n photovaristors type FSK-5 mounted on it (their number depends on 
the quantity of checked parameters). Each photovaristor from 1 to n/2 is paired with 
photovaristors from(n/2)} 1 to n respectively, forming two arms of unbalanced bridges. 
The other two arms of the bridges consist of resistors R, The diagonal of each bridge is 
connected to a polarized relay type RP -5, 


The bridge operates in the following manner, If both photovaristors are shaded, 
the current in the bridge diagonal is very small and the polarized relay armature remain 
in the neutral position, If the liquid column drops to such an extent that photovaristor 
PVI becomes illuminated, but photovaristor PVII remains shaded, the current in the 


bridge diagonal will increase and the polarized relay will operate,closing its right-hand- 
side contact. 


When the liquid column drops still lower and photovaristor PVII becomes illuminated, the bridge diagonal will 


pass a current in the opposite direction (approximately twice as large in magnitude), and the polarized relay armature 
will close on its left-hand-side contact. 


PVII 
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Despite the fact that such an operation of the polarized relay requires a considerable imbalance in the bridge, 
the stability of its operation is easily and reliably attained by selecting the required position of the resistor slider and 


by stabilizing the de supply source, The closing by relay RP -5 of its left or right-hand-side contacts operates appro- 
priate RKN type relays whose contacts light the required signal lamps. 


The use of photovaristors type FSK-5 with small overall dimensions (1x 1x6 
mm) provides a high sensitivity for the transducer. Thus, if the photovaristors are 
spaced by 1.8 mm in an instrument with a gain of 5400, its sensitivity will equal 0.3 
#. By means of such a photoelectric transducer it is possible to check the limits of 
articles, sort them according to several parameters, and check the regularity of their 
geometrical shape (tapering, ovality, flats and linearity of the generating line). 


Figure 2 shows the schematic of an instrument for checking the following plun- 
ger parameters: its diameter with a sorting out of 25 groups in steps of 0.001 mm; 
its ovality (tolerance of 0,001 mm), its tapering (tolerance of 0.0015 mm), flats on 


its surface (tolerance of 0.001 mm) and linearity of its generating line (tolerance of 
0,001 mm), 


The compressed air passes from the mains through a filter and a reduction valve 
to throttle 1 and the water stabilizer of the instrument. The pressure-stabilized air 
is fed to nozzle 2 and then to the measuring nozzles and indicating tubes (liquid man- 
ometers), The contact levers of the measuring gear are suspended by flat springs. 
The measured component is placed on a 90° angular bearing 3, and is driven during 
Fig. 2. measurements by motor 4 type RD-83 through a mbber roller 5 at a speed of 20 rpm. 
The knife-type contact lever 6, whose edge is parallel to the left-hand face of angle 
bearing 3, checks the plunger diameter. The diameter size of a given cross section detail controls the gap of the 
measuring nozzle 7 and hence the level in the corresponding indicating tube 8. Since the plungers are sorted according 
to their maximum diameters, the photoelectric transducer records the highest level of the liquid in tube 8 and lights 
the lamp corresponding to this group. The photoelectric transducer mounted on tube 8 also checks the plunger ovality 
as the maximum difference in diameters observed in the given cross section over a complete revolution. 


The tapering of the plunger is determined as the difference of diameters in the two extreme positions, For this 
purpose contact lever 9 and nozzle 10 are used for checking in a similar manner the plunger diameter at the other end, 


The differencesin the level of the liquid in manometer 11, which determine the tapering of the plunger, are recorded 
by means of a photoelectric transducer. 


Contact lever 12 and nozzle 13 check the flats on the plunger (its tendency to a pentahedral shape), whose val - 
ue corresponds to the variation of the level of the liquid in the indicating tube 14 over one rotation of the plunger, 
and is registered by an appropriate transducer. 


The linearity of the plunger's generating line is checked by contact lever 15, whose edge is parallel to the 


right-hand face of the angle bearing. The deviations from linearity are registered on the indicating tube 16 and the 
corresponding transducer. 


In the event of the tolerances not being met in any of the plunger parameters a reject alarm signal is given and 
the lamp corresponding to the diameter group does not light. 


The setting and removing of the component in the measuring position, and its placing in the crate with a lighted 
lamp which corresponds to the diameter of the plunger, are done by the operator. 


The device for checking the plunger pair, i. e., its cylinder, is basically the same as the above, The instru - 
ment checks the same parameters with the same tolerances, with the exception of the flats. The method of measure- 
ments is contactless, by means of a pneumatic plug. 


The instruments are calibrated by means of samples, The operating cycle of each instrument is 6 sec. 


Tests of the instrument's experimental model have shown that it provides an objective control of the plunger 
sliding pair parameters for a selective assembly, with an error of #0.3y. 
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MECHANICAL MEASUREMENTS 


DYNAMIC CALIBRATION METHOD FOR DYNAMOMETERS 


A. S. Bol'shikh and L. G. Etkin 


Translated from Izmeritel'naya Tekhnika, No, 3, 
pp. 9-11, March, 1961 


Machines for testing fatigue in materials are often fitted with dynamometers of different types for measuring 
variable loads applied to the sample during testing. 


Several methods are known for an indirect evaluation of dynamic errors in dynamometer devices widely used 
with fatigue -measuring machines [1, 2, 3], One of the most commonly used methods consists in measuring the dy - 
namic tension in the dynamometer and the sample simultaneously, The dynamic tension of the dynamometer is 
measured by means of the equipment comprised in the machine, The tension in the sample is usually measured by 
wire strain gauges. The replacement of the component by an “equivalent” detail is not advisable, since the dynamic 
characteristic of the machine's oscillatory system may thus be changed, From the measurements carried out at varying 
loads a graph is plotted that shows the relation of the machine's measuring instrument readings to the load on the 
sample, In view of the fact that such measurements are made by means of the strain gauges used in the machine, the 
error of such methods of evaluating the dynamic accuracy of the equipment is large. 


Below we examine a method for dynamic calibration based on loading the tested dynamometers by inertial ef- 
forts whose value is determined by means of indirect measurements. 


The schematic diagram of this equipment is shown in Fig. 1. 


The tested dynamometer 1 is rigidly fixed to the massive bedplate of the device, A com- 
ponent with stiffness Cy is fastened in the dynamometer grip. The other end of this component 
is connected to a large mass m. It is advisable to have a set of such components, in order to be 
able to select appropriate stiffnesses and masses for making up oscillatory systems in such a man- 
ner that their partial frequencies remain in the range of the tested dynamometer operating fre - 
quencies. Moreover, it is desirable to have at least three check frequencies, at the beginning, 
in the middle and at the end of the range. 


Mass my is connected to stiffness C, and mass m_. Mass m_ must be considerably smaller 
than m,, and the partial frequency of the system consisting of C, and m, must be considerably 
(5-10 times) greater than that of the system consisting of Cy and my. The whole equipment is 
excited to vibrate in the first mode of the system's oscillations. This can be achieved by var- 
ious means, for instance, the oscillations of mass m, produce in the electromagnetic transducer 
2 a signal whose frequency is equal to that of the system's oscillations, This signal is amplified 
by power amplifier 3 and fed to the input of the vibration exciter of an electromagnetic (or an 
electrodynamic) type 4, which provides an effort varying according to the harmonic law at a frequency equal to that 
of the system's oscillations, Since the system's Q-factor is large( 2°10" — 2°10°) [6], the effort F is extremely 
small as compared with the effort which arises in the component with stiffness Cy. The high Q-factor of the mechan- 
ical oscillating system provides a small harmonic content in the oscillations of mass m. 


Fig. 1 


Let us now examine the oscillatory movement of the described double-mass system. 
The movement equations are of the form 


ax dx. 

d* Xx. aX. 
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ng 


where X, and X, are the linear displacements of masses m, and m, respectively, ky* dX,/dt and kp-dX,/dt are the 
forces of resistance applied to masses m, and mz, Fo is the amplitude of the exciting force, w is the lowest natural 
frequency of the double-mass system. 
Effort N2 arising in element C, is equal to 
N.=C, 
+ jwk,)(—myo* + C, + 


This expression in a vectorial form represents the sum 
of two vectors, one of which is in the same phase as the dis- 


phe placements X, and and the other is shifted with respect to 
—TE them by 90°. 


If the system vibrates in resonance, effort Fy differs 
in phase from displacement X, by 90° and the work is spent 
on supplying the lost energy in the system. 


Fig. 2 
ig The inertial component of effort N,; due to the move- 
ment of the mass is in phase with displacements X; and X:2, 

and therefore does not produce any work, 


6 +8 h Effort Nz transmitted to the system consisting of my 

4 and Cy is out of phase with respect to displacement X; by 

22 the angle of 

"ie By means of the same reasoning we can find that effort 

| ’ N, which arises in element Cy also consists of two components 
-é 


which differ in phase with respect to displacement X, of 


Fig. 3. 1) Dynamic calibration; 2) static calibration, mass m, by the angle of 9; =sin sf, /N;) 


In the experiment the lowestoscillating frequency of 


the system is measured, as well as amplitude of oscillations 
of mass my, effort N, and the phase difference between efforts N; and Ng. 


The frequency of oscillations can be easily measured with an error of 0.1%, Since the frequency of stable oscil- 


lations is measured, the simplest method consists in counting the number of pulses per unit of time from the sinusoi - 
dal voltage. 


The oscillation amplitude is best measured by one of the optical methods, selecting the most suitable according 
to the value of the oscillations. 


Effort Ne can be measured with an error of 5-6% by means of a wire strain gauge glued to the component with 


stiffness C,. Since this measurement is made for determining the calibration correction, the above error is permiss- 
ible, 


The phase difference between N, and Nz can be measured by means of a loop oscilloscope or a phase meter. 


The masses m, and m, or, in the case of torsion and bending oscillations, the corresponding moments of inertia, 
should be accurately determined before starting the experiment. 


The effort applied to the dynamometer under test is 


P=m,a? sin (4) 


where a, is the oscillation amplitude of mass my, 4 is the natural frequency of the system for its first mode of oscil- 
lations* 


* In (4) ay wy sin wt represents the vibrational acceleration of mass m4. If an accelerometer transducer is fixed on 
mass my and, in determining effort P , the vibrational acceleration is measured directly, it becomes no longer neces- 
sary to measure amplitude a, and frequency «, ~ Editor. 
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Effort Ne and angle ¢ between N, and Nz are measured in order to ascertain that 


N, sing<P (5) 


or to make the required correction in calibrating. 


Condition (5) is usually easily met, since the Q-factor of the system is large, Hence, the unaccounted for forces 
used in overcoming the force of resistance are small, thus making the error in calibrating the dynamometer by this 
method also small. 


The above method of calibrating dynamometers designed for measuring axial efforts can also be extended to 
torsion and bending oscillations. 


Figure 2 shows a schematic of an oscillatory system during dynamic calibrations, Dynamometer C,, whose elas- 
tic body consists of a 30KhGSA (HRC 36-38) steel mbe, is firmly fixed by its flanges to the upper box of the rack, The 
same box carries on a bracket and a flange a microscope with an eyepiece micrometer, The microscope serves to 
measure the oscillation amplitude of the dynamometer component which carries the armatures of the transducers, 

The transducers themselves are fixed on rigid brackets mounted on the dynamometer flange. The transducers are 
connected to the electrical part of the dynamometer, which consists of a crystal oscillator with an automatic voltage 
control, a phase -sensitive detector and calibrated potential dividers whose outputs are connected to indicating or rec- 
ording instruments [4,5]. 


The dynamometer grip,which is intended for holding the tested samples, is fixed to rod C, fitted with wire strain 
gauges glued to it at an angle of 45° to its axis (this rod provides stiffness Cy in Fig. 1), A disc with a moment of 
inertia J, is firmly fixed to the other end of this rod, The moment of inertia of this disc is determined accurately by 
the method of suspending it by threads; in our experiment it amounted to 0.036 kg-wt “m/sec”, The oscillation amp- 
litude of the disc is measured by means of a set of measuring wedges and a cathometer, The use of several measuring 
wedges greatly raises the accuracy of measurement. 


Another rod Cs (which provides stiffness C, in Fig. 1) has transducers glued to its surface and is rigidly fixed to 
the bottom of the disc. The end of this rod is fixed to an armature with a moment of inertia J; which oscillates be- 
tween the poles of a differential electromagnetic vibration exciter. The system's oscillations were maintained by 
means of amplifier TU -50, 


The wire strain gauges glued to the rods were connected to the inputs of two channels of an eight-channel strain - 
gauge equipment 8AN4, and served to determine the phase difference between the torques operating in the rods, 


Figure 3 shows the graph of deviations in the readings of a dynamometer indicating instrument taken for dynamic 
and static calibrations. 


It will be seen from this graph that the differences between the static and dynamic calibrations are very small. 
The dynamically calibrated dynamometer was designed to work at frequencies up to 500 cps, It was calibrated at a 
frequency of 25 cps, An analysis has shown that with such a frequency ratio the error will be extremely small, and in 
practice the readings of the dynamometer in a static or dynamic condition should coincide. The above circumstance 
is confirmed by the cited graph, The existing nonlinearity is due to the tested dynamometer's registering device. 
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ACCELEROMETRIC INSTRUMENTS 


I. Kotel'nikov 


Translated from Izmeritel'naya Tekhnika, No, 3, 


Instruments for measuring angular accelerations. In a number of instances it is necessary to measure angular 
acceleration in addition to angular velocity. 


Figure 1 shows a schematic for measuring angular acceleration in the range of 0-400 and 0 -2000 deg/sec” (the 
reduction amounts to 800: 1). 


The transducer consists of a tachogenerator type TMG-30P which also serves for measuring angular velocity. 


Since a periodic zero setting is possible during measurements, the measuring device is made in the form of an 


asymmetrical parallel-balanced cathode-follower which uses tube 6N3P and provides such an adjustment by means of 
resistor Ry. 


The tachogenerator voltage is differentiated by means of network C,R, and fed to the control grid of the balanced 


cathode follower. A center zero instrument M-24 (grade1,0) is used as an indicating device. Capacitor C, serves to 
reduce the effect of the tachogenerator pulsations on the instrument readings. 


Resistor Rg reduces the nonlinearity of the stage. The instrument scale is linear with an error up to 2%, 


Switch Sy serves to change the scale of measurements, The referred error of the instrument does not exceed 3%, 


Instrument for measuring the speed of linear displacements in a 


a ty reversible system, The measurement of the speed of linear displacements 
G GNSP) — in a reversible system is beset with a number of difficulties which arise 
. — in differentiating, amplifying and rectifying slowly changing voltages. 


Figure 2 shows the circuit of an instrument which by means of a 
parallel-balanced amplifier (its drift is random and sufficientlysmall), 
correcting networks and a sensitive measuring instrument has to a great 
extent eliminated a number of difficulties. 


A wire potentiometer R, 520 mm long is used as a transducer of 
linear displacement. 


The voltage supplied by the transducer is differentiated by the 

C,R, network and fed to the grid of the left-hand triode of the amplifier. 

The voltage amplified by the left-hand-side triode is rec - 
tified and fed through a correction network consisting of R;, 
+60V C4, Cy and Rg to the grid of the right-hand-side triode. The 
— correction network with capacitors Cs; and C¢, provides a uni- 
form scale for the instrument (the same purpose is served by 
the large multiplier resistor Ry;) and in addition maintains 


during reversing the voltage across capacitor C, almost con- 
stant. 


Resistor Rg serves to set the zero. Diodes D,-D, are of 


the D7Zh type. Diodes should be selected for maximum re- 
verse resistances, 


This circuit provides measurements of linear displace- 
ment speeds in the range of 0-50 cm/sec. By changing the 
value of potentiometer Rz this range can be extended. 
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The dip in the pointer of instrument M-24 (grade 1.0) does not exceed 2% with reversals lasting up to 0.5 sec, 


The referred error of the instrument does not exceed 2%, 


The above instrument can be used in reversing systems for measuring the speed of linear displacements, for in- 
stance, in planing machines, various rocking devices, looms, etc, Up to the present the speed of linear displace - 
ments has either not been measured at all or measured indirectly. The instrument provides direct measurements of 
linear displacements, the readings being taken from a pointer instrument with a uniform scale. 


This instrument considerably facilitates the work of machine setters and raises the productivity of their labor. 


REGISTERING TACHOMETER 


Yu. A. Zholkov, G. S. Okun‘, and B. V. Plaksin 


Translated from Izmeritel'naya Tekhnika, No, 3, 
pp. 12-14, March, 1961 


The most widely used instrument for measuring the speed of rotation ( with or without recording it) is a tacho- 
generator. However, there are instances in which it is impossible to connect the tachogenerator to a shaft, either di- 


rectly or by means of any transmission. In such a case an induction transducer can be used, with an indicating instru- 
ment consisting of a frequency meter, for instance, of the ICh-6 type. 


A sprocket (Fig. 1) with the width of its teeth measuring about 0.7 of the distance between them, is fixed to the 
shaft whose speed of rotation it is required to measure, The core of the induction transducer is mounted near this 
sprocket in the plane of its rotations. The diameter of this core must equal the thickness of the sprocket; if the core 
exceeds that thickness its end must be tapered. The gap between the sprocket teeth and the core must be made as 
small as possible, If it is impossible to place the coil to one side of the shaft, it can be fixed along the axis of the 
shaft and projections cut out in the butt of the shaft (or in a separate detail). 


The induction transducer has a supply and a sensing winding, The supply winding is connected to a storage bat- 
tery, and the sensing to the input of a frequency meter, When the sprocket teeth cut the magnetic field of the core, 
pulses are produced in the sensing winding whose frequency is measured by the instrument. For measuring a fixed speed 
of rotation, such a method is convenient. The error can be reduced by recording the pulses over selected portions on 
an oscillograph and counting their number per unit of time, 


It is very difficult, however, to use this method for measuring variable speeds of rotation. The oscillogram 
records a large quantity of sawtooth pulses whose number per unit of time, marked on the oscillogram by a time pip, 
determines the required speed of rotation (taking into account the number of teeth on the sprocket), However, in order 
to obtain the relationship between the speed of rotation and time during a transitory process, a considerable amount 
of work is required. Moreover, the duration of the process which it is possible to record on an oscillogram is limited 
on the one hand by the requirement to record pulses with a sufficient distance between their peaks in order to be able 
to process the oscillogram (this determines the speed of propagation of the chart),and on the other hand by the length 
of the chart. Finally, such a recording of the speed of rotation is limited in time and requires special synchronization 
in order to be able to connect the oscillograph at the required instant. All this leads one to look for a more conven- 
ient method of recording. 


Below we describe a method of recording the speed of rotation by measuring the mean value of the rectified 
current at the output of the frequency meter type ICh-6, It is known that this instrument measures the mean value of 
the rectified current in a circuit with a capacitor which is charged at the rate of the measured frequency. For an in- 
dicating instrument the ICh-6 set uses a sensitive microammeter whose pointer’s angle of deflection is directly pro- 
portional to the number of discharges and charges per second, Figure 2 shows an approximate form of the voltage 
at the output of the ICh-6 set, which is fed to the recording instrument type fPp-09, The place where leads 9 and 10 
are connected to the circuit of the ICh-6 set is shown in Fig. 3, The connection of electronic potentiometer fpp-09 


= 


Fig. 1. Circuit for measuring and recording the speed of 
rotations. 1) Induction transducer; 2) frequency meter 
ICh-6; 3) oscillator ZG-10; 4) switch PD-6; 5) potential 
divider (R=0-470 ohm); 6) potentiometer EPP-09, 
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Fig. 2. Approximate shape of the voltage at the output 
of ICh-6, Frequency supplied by oscillator ZG-10, 100 
cps; frequency of the oscillograph time pips, 50 cps. 
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Fig, 3. Connections of instruments EPP-09 and ICh-6. 
1, 2, 3) Capacitors (71, 72, 73); 4) wire-wound resis- 
tor (74); 5) microammeter M-24 (75); 6) wire-wound 
potentiometer (76); 7) wire-wound resistor (77). Figures 
in parentheses denote numbers on the schematic attached 
to technical description of meter ICh-6. 


in parallel with the microammeter introduces a substantial error in the readings of the latter, making it impossible 
to use its readings. This in any case is no longer necessary, since fPP-~09 becomes an indicating and recording instru - 


The instruments" layout for calibrating the speed 
of rotation on potentiometer &P-09 and for checking in- 
strument ICh-6 (Fig. 1) shows switch PD-6 in its middle 
position, used for calibrating set éPP-09, The output of 
oscillator ZG-10 is connected by means of leads 5 and 6 
to the switch, and from it by leads 3 and 4 to the input of 
ICh-6. The output of ICh-6 is connected by means of 
leads 9 and 10 to the switch, and from it by leads 7 and 8 
to EPP-09, In the top position of switch PD-6 contacts 
9 and 10 are connected to 11 and 12 , and contacts 3 and 
4 remain connected to contacts 5 and 6, This position 
can be used for checking the readings of the microam - 
meter of set ICh-6 (which is only in circuit when contacts 
9 and 10 are connected to contacts 11 and 12) at a fre - 
quency of 10 kc supplied by oscillator 2G~-10, 


In the operating conditions for measuring and re- 
cording the speed of rotation switch PD -6 is in its lower 
position. In this position contacts 1 and 2 are connected 
to 3 and 4, and contacts 7 and 8 to contacts 9 and 10, 
The output of the induction coil is connected to the in- 


put of frequency meter ICh-6 and then to the recording 
instrument. 


In the transducer used by us the sensing winding 
had 3200 turns of 0.25 mm’? &P (enamelled) wire, the 
supply winding had 2500 mrns of 0.35 mm f wire. The 
supply voltage (V = 5v) was obtained from cadmium -nick - 
el alkali batteries type 5 NKN-45, The coil core diameter 
was 14 mm, The gap between the core and sprocket was 
1-2 mm, The wires between the induction coil and fre- 
quency meter ICh-6 must be carefully screened to avoid 
the effect of any extraneous fields. The voltage at the 
output of ICh-6 is of the order of several volts. For rec- 
ording purposes potentiometer EPP-09 was used, whose 
XA scale is calibrated for measuring temperatures of 0 - 
800°C , which correspond to a maximum input voltage of 
33,32 mv. The minimum number of changes were intro- 
duced into the EPP—09 circuit; thus the unit for compen- 
sating the thermocouple cold junction was disconnected 
and an additional resistance was introduced, If the top 
speed of rotation is not known, or if the instrument may 
have a varied application, it is advisable to add a vari- 
able resistor, Since it is necessary to attenuate the voltage 
and provide a great accuracy of regulation, it is advisable 


to use a variable resistor in the form of a potential divi - 
der (Fig. 1). 


In our experiments of recording the speed of rota- 
tion the EPP-09 chart was propelled at the rate of 4800 
mm/hr, All the 12 channels of the instrument were con- 
nected for recording one reading, thus making it possible 
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to record, with a high rate of chart propulsion and a recording cycle of 0,75 sec, very rapid variations in the speed of 
rotation. 


If it is taken into consideration that the error of measurement of frequency meter ICh-6 amounts to 2 1.5%, and 
that of potentiometer EP-09 to 40.5%, the error of measuring the speed of rotation by the above method can be 
evaluated at # 2%of the full scale reading (for a given setting of the ICh-6 range). An appropriate calibration of 
potentiometer frp -o9 provides a relation between the speed of rotation and the instrument readings which approaches 
linearity. 

Conclusions, The above circuit consists of standard measuring instruments, is simple to install, is reliable and 


convenient in operation, and does not require additional processing of the test results. Hence, it can be recommended 
for the recording of constant and variable speeds of rotation when high accuracy of measurements is not required. 


TURBOBLOWER SPEED OF ROTATION PULSE TRANSDUCER 


V.N. Petrov, A. G. Savel'’ev, and G. D. Silukov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 14-15, March, 1961 


The testing of internal combustion engines equipped with turbochargers requires an accurate determination of 
the turbocompressor's (GTK) speed of rotation, which attains over 30,000 rpm. 


When a multiloop oscillograph is used for recording test results it is advisable to measure accurately the speed 
of rotation by means of the pulse induction transducer (see figure) developed by the author and based on the well- 
known principle of inducing an emf in a closed circuit by varying the magnetic flux. 


Transducer spindle 1 with its rubber tip 2 is mounted in a moving barrel 3 and is pressed against the butt of the 
turbo -charger shaft by spring 4. Sleeve 5, with its two symmetrically placed grooves, is fitted on to spindle 1 and 
rotates with it. Barrel 3 carries a telephone earpiece magnet 6 with its coil 7. When the grooves pass near the per- 
manent magnet poles an emf is ‘induced in the coil and transmitted directly to the loop oscillograph. Loops of var- 
ious sensitivities can be selected to fit the speed of the shaft rotation. 


Two symmetrically placed grooves in sleeve 5 are required in order fully to balance the centrifugal forces in 
the rotating transducer. Each turn of the shaft produces two oscillations in the loop, equivalent to the number of 
grooves in sleeve 5. Spring 4 provides a smooth coupling of the transducer to an operating turbocharger, and a reli - 
able contact between spindle 1 and the turbocharger shaft. 


The transducer casing 8 is provided with a thread for fixing it to turbochargers. With an adapter fitting 9 the 
transducer can be used for measuring the speed of rotation of other mechanisms. 


The lubrication of bearings and other friction components of the transducer is made through openings in barrel 
3. Excess oil percolates from the barrel into the cavity of spring 4 through the holes in the barrel lid. When measuring 


a stable speed of rotation this transducer can be used in conjunction with commercially produced pulse counters. 
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Extended use of the transducer in thermotechnical testing of marine engines with turbochargers has shown the 
reliability of its operation over a wide range of rotational speeds. 


ELECTROMAGNETIC VIBRATION METER 


V. S. Dolgachev and V. A. Shchinyavskii 


Translated from Izmeritel ‘naya Tekhnika, No. 3, 
p. 15, March, 1961 


This vibration meter is intended for determining the magnitude of relative vibrations between two conjugate 
rotating components. In particular the vibration meter is suitable for determining reliably the existence of rotational 
oscillations of a gear with respect to the keyed shaft on which it is fitted. 


The principle of operation of the meter is based on the changes in 
the relative position of the shaft and the gear within the limits of their 
free play which produce proportional variations in the magnetic flux and 
induce an emf in the transducer windings. 


The principal part of the vibration transducer (figure) consists of 
electromagnet 1 fixed to flange 2. Thin wire (0.03-0.05 mm) is used 
for winding the coils, thus providing a large number of turns for a small 
size and raising the sensitivity of the transducer. By means of screws 3 
the vibration transducer is fixed to split ring 4, which is mounted on shaft 
5 by a coupling screw. The ends of the winding are taken along the key 
recess and groove 6 cut in the shaft, out of the reducer to the slip rings 
it which are fixed on an ebonite cylinder tightly fitted on the end of the 
shaft, thus maintaining it in a fixed position. 


10 


The emf pulses are fed from the slip rings through brushes to the 


lis 3 oscillograph loops. 


Ka Magnetic core 7 of a special shape is fixed to gear 8. The re- 
SN quired gap a in the magnetic circuit is set by means of ring 4. The gap 
amounts to 0.3-0.5 mm. 


The position of the gear is fixed by means of a check ring 9 and 
six (or three) expansion springs 10. Instead of the check ring 9 it is possible to use ordinary distance rings. 


The vibration transducer in addition to detecting free play and backlash can also evaluate their size. For this 


purpose it is necessary to connect it to a known gap and plot a calibration curve of vibrations for the same parameters 
which will exist in testing the unknown coupling. 
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THERMOTECHNICAL MEASUREMENTS 


RELATION OF THE THERMAL EMF TO TEMPERATURE 
IN TELESCOPES TYPE TERA-50/ 900-1800 


E. S. Shpigel’'man and L. M. Golub 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 16-17, March, 1961 


In an ideal case when the construction of a radiation pyrometer is simple and does not include any reflecting 
or refracting systerns, the thermal emf for any wavelength is expressed as a function of temperature by the relation 


e=a(T*- Th 


where T is the temperature of the source (black body), Ty is the temperature of the receiver. 


(1) 


Since under actual conditions the total transmission through the optical system of radiation telescopes varies 
considerably with T, condition (1) is difficult to maintain, and according to several authors, the value of e as a func- 
tion of T can be expressed with better approximation by 


e=a(T?-T), 


(2) 


where b is an index, constant for each instrument and varying between 3.5 and 4.5. It is also assumed that the dimen- 
sions of the source and its distance from the telescope remain constant. 


° b b 
For pyrometers with a lower measuring limit at or above 900°C the value of Ty is very small compared with T 
and in practice the following equation holds: 


e= aT, (3) 


The calibration curve plotted from (3) in logarithmic coordinates is represented by a straight line. By means 
of it radiation pyrometers can be calibrated up to a temperature of 1300-1400°C. For higher temperatures thermal 
emfs are obtained by extrapolation of this straight line. 


TABLE 1 


Temperature,|Mean values Values of ther - Discrepancies 


of the measured 
thermal emfs, 


mv 


mal emfs calcu- 
lated by the 

least squares me- 
thod from (4), mv 


between the 
meas. and calc. 
values of therm- 
al emfs, ex- 
pressed in °C 


; 900 2.34 2.32 -2 
1000 3.82 3.83 +#0.5 
1100 5.95 5.99 +1 
1200 8.91 8.91 0 
1300 12.78 12.72 -1 
: 1400 17.53 17.54 0 
1500 23.52 23.51 0 
. 1600 30.85 30.75 -1.4 
1700 39.28 39.38 +1 
1800 49.35 49.57 +2 
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The experience of the KhGIMIP (Khar'kov State Institute of Measures and Measuring Instruments) in calibrating 
radiation telescopes RP, Siemens ardometers and other instruments has shown that there is a considerable difference 
between the curve of the relation of log e and log T obtained experimentally and calculated from (3), and that this 
difference exceeds the calibration errors. In this connection grade 2 reference radiation telescopes are now calibrated 
directly from a “black body” radiator by means of a grade 1 reference pyrometer. 


Our industry has now developed new types of radiation telescopes. 


The authors of this article have set themselves the task of finding on the basis of experimental data an analyti- 
cal expression which provides a sufficiently accurate representation of the relation between the thermal emf and temp- 
erature. This in turn will simplify the technique of calibrating grade 2 reference telescopes. For this purpose we in- 
vestigated 10 radiation pyrometers type TERA -50 with a glass lens and a sighting index of 1/20. 


The mean value of the measured thermal emfs for various temperatures is given in Table 1. 


For the solution of our task we processed the data of column 2 in Table 1 by the least squares method expanding 
expression (3) into a series and substituting for the sake of convenience T°K by °C. The analysis has shown that a 
mean calibration curve is most accurately expressed by a fourth-power equation : 


e= at+ + ct®+ ar‘. (4) 


Next we processed by means of (4) and the least squares method the calibration results of various telescopes. 
In this instance we found that the difference between the observed thermal emfs and those calculated from (4) by the 
least squares method was smaller than the calibration error of grade 2 telescopes. 


It is, therefore, possible to assert that the relation between the thermal emf and temperature for telescopes of 
that type is expressed by (4) with sufficient accuracy. 


Next, we decided to find how far the curves represented by (4) and plotted from four measured points would 
coincide with the curves plotted by the least squares method and with the experimental calibration curves obtained 
for various telescopes. For this purpose we selected a series of radiation telescopes type TERA -50 of the abovemen- 
tioned version and calibrated at every 100°C in the range of 900-1800°C. 


TABLE 2 


Telescopes 
M1 Ne 2 M3 Ne 4 Ne & M 6 Ne 7 
Eales Esles| | |E cles 
900} 2.23] 2.29) —4 2.48) 2.53) +5 2.46) 2.45) 0} 2.26) 2.28) +2 2.28] 2.29] O} 2,13} 2.10|-3| 2.28 | 2,24 
1000} 3.82} 3,82] © | 4.01] 4,01] © | 4.07] 4.07] 3.69] 3,69] © | 3.78] 3.78| 3.68| 3.68] 0| 3.80] 3.80] 0 
1100] 5.90] 5.98) +2 6,30] 6.24] -3 6.21) 6.70) 5.71) 0 5.90) 5.92 65.78} 5.83 5.90] 5,97 
1200] 8.88] 8,88] 0 | 9.34] 9,31] | 9.34] 9.38] 8.48] 8.48) © | 8.89) 8.89] 0| 8.66] 8.66] 0| 8.86) 8.86] 0 
1300) 12.71 | 12,64] 41.5] 13.48] 13,41] 41.5] 13.36] 13.27|—2 | 12.16] 12.13] —1 | 12.69] 12,60 | 0 } 12,39 | 12.31 |—2 | 12.71 | 12,60 |-3 
1400] 17.36 | 17.36) 0 18,54] 18.54) 0 18.26 | 18.26] 0 | 16.80) 16.80) 0 17.36 | 17.36 | 0] 16.91 16.91 | 0 17.31] 17.31] 0 
. -2 
0 
0 
0 


The analysis of the possible conditions has shown that the best temperatures for the four points of curve (4) are 
1000, 1200, 1400 and 1600°C (for the telescopes under investigation). From the values of the thermal emf at the 
above temperatures a system of simultaneous equations was solved for each telescope: 
= 21000 + b1000" + c1000° + d1000*, = 21400 + b1400* + c1400° + d1400*, (5) 
= al1200 + b1200* + c1200° + 1200, = 21600 + b1600* + c1600° + d1600*, 
from which we obtained coefficients a;, bj, c; and d; for all the telescopes. 
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Table 2 shows the values of the thermal emfs obtained from experimental calibrations of seven telescopes by 
means of “black body” radiations and those calculated from coefficients a;, b;, cj and d; obtained by solving equa- 


tion(5). The table also shows the values of At equal to the difference between the experimental and calculated val- 
ues of the thermal emfs expressed in terms of °C. 


From the above data it follows that the value of At is considerably smaller than 20, where o is the quadratic 
mean calibration error of grade 2 radiation telescopes equal to #2.5°C in the range of 900-1300°C, and to 44°C in the 


range of 1400-1800°C, Only in the case of two telescopes does At exceed slightly the value of 2 ©, at a temperature 
of 1800°C, 


Conclusions. As the result of the above investigation we obtained a mean calibration curve and an analytical 
equation which represents with sufficient accuracy the relation between the thermal emf and temperature for the types 
of telescopes we investigated. This makes it possible to recommend a new, more efficient technique of calibrating 

grade 2 telescopes at four temperatures in the range of 900-1800°C. 


CERTAIN ERRORS IN CHECKING COMMERCIAL 
RESISTANCE THERMOMETERS 


B. K. Bragin 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 17-19, March, 1961 


The most important and difficult operation in checking commercial resistance thermometers consists in deter - 
mining Ro and Ryo, the values of the sensing element resistance at0 and 100°C. The permissible deviation of Ry and 
of the ratio Ry00/Ro from their nominal values amounts to as little as 0,05-0.1% Hence, even small errors in the 
calibration technique will lead to a false conclusion about the serviceability of the tested thermometer. 


Experience has shown that the most widespread reason for an unjustifiable rejection of resistance thermometers, 
especially platinum thermometers, consists in the fact that owing to unsatisfactory heat exchange conditions equal 
temperatures are not provided for the thermometers’ sensing elements and the ambient medium consisting of melting 
ice or water vapor. The errors thus incurred have a systematic nature, always making the value of Rp higher than it 
should be, and the values of Ryo and Rypo/ Ry lower than they should be. Special measurements (see table) on two 
standard -type platinum thermometers with one and two sensing elements confirm the above assumption and provide 
an idea of the value of possible errors. 


The immersion depth of the thermometer into a melting ice or steam thermostat is the basic factor determining 
the heat exchange condition. Experiments were, therefore, carried out at three immersion depths of 200, 250 and 
300 mm, measured from the lowest point of the sensing element. 


An insufficiently careful packing of the ice before measuring Rg leads to the formation of a small (1-2 mm) 
air and water gap between the test tube thermometer guard and the mass of melting ice. In the calibration of com- 
mercial thermometers this circumstance is often overlooked. The figures in the table in parentheses show the 
measurements of Ry obtained in the presence of this gap between the test tube and the surrounding mass of ice. 


For the protection of the thermometers" sensing elements during testing three types of test tubes were used 
350 mm long with an internal diameter of 12 mm and a wall thickness of 1 mm. 


The measuring current in the thermometer in all the cases was maintained close to 5 ma. The resistance was 
measured with an error not exceeding 0.01% by means of a balancing device. 


The analysis of the experimental data shown in the table makes it possible to arrive at certain important con- 
clusions of practical interest. 


= 
| 
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1. The error in determining the resistance of the thermometer due to its insufficient immersion (200 mm) into 
a melting ice or steam thermostat amounts to 0.05% when glass guard tubes are used, and to 0.02% with aluminum 
tubes. The material of which the tubes are made and their shape do not appear to be important when the thermometer 


is immersed to a depth greater than 300 mm measured from the bottom of the sensing elements. This should be con- 
sidered as the minimum immersion in testing the thermometers. 


2. The relative errors in Ry and Rye due to the insufficient immersion of thermometers are close in value but 
have opposite signs. Hence the value of the ratio Rygo/Rp depends to a marked extent on the depth of immersion. 


3. The formation of a gap due to the melting of ice round the guard tube raised the measured value of Ry by 
0.1, 0.05 and 0.02% when the thermometer was immersed to 200, 250 and 300 mm respectively. Thus, thé packing 
of the ice mass is absolutely necessary even with a thermometer immersion of 300 mm. This is all the more impor 
tant because most resistance thermometers, for reasons of a technological nature, are produced with a small positive 
deviation of Ry from the nominal value, which makes the probability of wrong rejection even greater. 


Depth of immersion, mm 


Material and shape | Thermo- 200 250 300 
of tubes meter Ro Reel Ro Ro Rio | Re 
46.04, 1.387, | 46.03, 1.388, | 46.02 1,388, 
(46.08,)| (1,386,)} (46,07,)| (1,387,)| (46.04,)| * | (1.388,) 
Glass, cylindrical a 1 | 46,03, | 63.80, | 1.386, | 46.01, | 63.81, | 1.386, | 46.01, | 63.8% | 1,387, 
2 
ul 46.05, | 63.83, | 1.386, | 46.03, | 63.84, | 1.386, | 46.03, | 63.86, | 1,387, 
46. 1. 46. 1. 46. 388, 
(46,05,) (1,387,) (46.03,) (1.388,) (46,03,) (1,388,) 
uminum, flatten 
| 46.01, | 63.81, | 1.386, | 46.01, | 63,82, | 1.387, | 46.01, | 63.82, | 1.387, 
TT 46.03, | 63.84, | 1.386, | 46.03, | 63.85, | 1.387, | 46.03, | 63.85, | 1.387, 
1 46.03, | 63.91, | 1,388, | 46.03, | 63.92, | 1.388, | 46.02, | 63.91, | 1.388, 
Aluminum, factory 1 | 46.02, | 63.81, | 1.386, | 46.01, | 63.82, | 1.387, | 46.00, | 63.82, | 1.387, 
jacket 
46.03, 63.84, | 1.386, | 46.02, | 63.85, | 1,387, | 46.02, | 63.86, | 1.387, 


Thecomparison of the data given above may lead to the conclusion of the desirability of using metallic 
guard tubes, in particular aluminum factory-produced jackets of 350 mm long thermometers (providing they are her- 
metically sealed). One should not, however, overlook the possibility of condensation and accumulation of moisture 
inside the jacket when it is immersed in an ice bath. This can lead to additional errors in measuring the resistance 
of the thermometer. It is, in practice, impossible to ascertain the existence or absence of moisture inside a met- 
allic jacket. They should, therefore, be used with great care and cannot be recommended for extensive testing. In 
addition to the above, two more sources of errors should be mentioned. 


In checking commercial resistance thermometers laboratory potentiometers are used, whose basic error lies in 
the limits of 0.015-0.030%, When the values of Vv. and v, (V, and v, are the voltage drops across the thermometer 
and the reference resistor respectively) are equal it is possible to neglect corrections to the readings of the potentio- 
meter. However, in the majority of cases V, and V_ differ from each other to such an extent that the corresponding 
readings of first potentiometer decade are not equal. Hence, the value of V,/V,; may contain an error which cannot 
always be neglected. It is necessary to evaluate in advance from the potentiometer certificate of repair the possible 


error in determining V,/V,. If it amounts to more than 0.01%, the potentiometer readings should be appropriately 
corrected. 


In order to determine the value of Ry with an error not exceeding 0.01% it is necessary to measure the temper- 
ature in the vapor thermostat with an error not exceeding 0.01%. For this purpose reference mercury-in-glass grade 
2 thermometers are used. It is absolutely essential to correct the readings of these thermometers, since their errors 
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may attain #0.2°C. At the same time it is necessary to take into consideration the variation in the reference thermo- 
meter corrections due to their natural aging. 


MINIATURE RESISTANCE THERMOMETERS FOR CHECKING 
THE OPERATION OF BEARINGS 


V. V. Ipatov and I. Ya. Magin 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 19-20, March, 1961 


The operation of turbogenerator bearings is usually checked by the temperature of the overflow oil from the 
bearings. 


However, this method does not provide a reliable check on the operation of the bearings, since even a consid- 
erable heating up of the oil in the lubricating layer raises the temperature of the overflow oil only slightly. Moreover, 
the latter temperature rises with a lag, thus making it impossible to guarantee a timely signal for the prevention of 
any damage. This is due to the fact that the amount of oil which flows through the lubricating layer is considerably 
smaller than that flowing through the bearing as a whole. Neither does this method ensure the checking of the temp- 
erature of each thrust bearing block. 


A more reliable method of checking radial and axial bearings consists in measuring directly the temperature of 
the babbitt lining. 


Tests have shown that the temperatures of bearing linings vary, depending on the construction of the bearing, 
the load , and the quantity and temperature of the cooling oil, in the range of 70-90°C, attaining in a danger condition 
the temperature of 110-140°C. Therefore, the equipment for checking the operation of bearings should be designed 
to measure temperatures up to 150°C, 


For this purpose it is advisable to use resistance thermom- 
eters. However, the resistance thermometers mass-produced by 
our industry are rather large and cannot, therefore, be placed in 
thrust bearing blocks. In this connection the laboratory of the 
turbomotor plant has designed a miniature resistance thermome- 
ter3,2 mm in diameter and 12 mm long in its effective part. 


This resistance thermometer (Fig. 1) consists of copper wire 
(diameter 0.05 mm) type PEL GOST 2773-51 wound in a bifilar 
manner directly over one of the thermometer leadout conductors 
and covered with a layer of bakelized paper. The thermometer 
resistance at 0°C is equal to 53 ohm; its calibration corresponds 
to that of 2a copper thermometers. 


Experiments have shown that the stability and measurement 
error of these thermometers meet the GOST 6651-59 require- 
ments for grade III thermometers. 


Miniature thermometers have a very quick response, which 
is very important when they are used as protection devices in 
bearings. 


The position of a miniature resistance thermometer in a 
thrust bearing block of turbine type VPT-25-4 and in the thrust bearing lining is shown in Fig. 2, a and b. 


| 
Fig. 1 
Thermometer 
b 
Ne 
Fig. 2 
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The resistance thermometers are placed in specially drilled holes (diameter 3.4 mm) and are glued with type 
BF-2 adhesive. The lead-out conductors of the resistance thermometers are taken through plug connections to a 
switch and a measuring instrument mounted on a separate board. 


Electronic bridge fMV-11 is used as a measuring instrument. By means of this instrument and a switch it is 
possible to check periodically at a distance the temperature of thrust bearing blocks and lining, thus controlling the 
distribution of load between the blocks. An electronic bridge type fiMDs-26 can also be used if its latinum ther- 
mometer calibration (11a) is replaced by a copper thermometer calibration (2a). When instrument EMDS-26 is used 
the current through the resistance thermometer becomes a little higher than with the EMV-11 instrument; however, 
tests have shown that this does not produce a noticeable rise in temperature due to the current. The application of 
miniature thermometers raises the reliability in checking the behavior of bearings under working conditions, and 
makes it possible to ascertain whether the thrust bearing blocks have been correctly fitted in assembly. 


EXPERIENCE GAINED IN USING SEMICONDUCTOR RESISTANCE 
THERMOMETERS FOR REMOTE MEASUREMENTS OF TEMPERATURE 


F. A. Tserikh 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 20, March, 1961 


Semiconductor resistors (thermistors )can be used, providing they are stable, as resistance thermometers for re- 
mote measurements of temperature with high accuracy. 


Thermistor thermometers were used by us for observing the stability of temperature at a depth of 15 mina 


special well which was constructed a long time ago on instructions of D. I. Mendeleev and is now used as a thermo- 
stat for crystal oscillators. 


For this purpose we selected out of several thermistors of different types, after their thermal aging and checking 
of their stability, two of the most stable thermistors (MMT-6 and MMT -4) and used them as resistance thermometers. 


The above thermometers were calibrated in a water thermostat against high-precision reference mercury -in- 
glass thermometers. The resistance of the thermometers both during their calibration and subsequent temperature 


measurements in the well was measured with a laboratory type bridge MVL-47 equipped with a highly sensitive null- 
galvanometer GPZ-2 at a measuring current of 30 pa. 


The stability of the thermometer readings was systematically checked by measuring their resistance at the triple 
point of water (+ 0,01°C). 


From these measuring results the following conclusions can be drawn: 


1. The stability of thermistor thermometers over the testing period was found to be completely satisfactory; 
the characteristic quadratic mean errors were 4 0.0022°C (MMT-4) and +0.006°C (MMT-6). 


2. Thermistor thermometers can be used after careful selection and checking of their stability for remote 
measurements of temperature with high accuracy. Both in these measurements and during calibration a constant 
measuring current through the thermometer must be provided. 


ELECTRICAL MEASUREMENTS 


STABILIZATION OF SMALL DIRECT CURRENTS BY MEANS 
OF STANDARD CELLS 


Z. I. Zelikovskii 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 21-24, March, 1961 


Experimental investigations of the behavior of standard cells under load [1-4] have shown that they can be used 
for electrical measuring circuits with a current flowing through them. As an example of such an application we can 
cite the new method of comparing standard cells by means of a calibrated galvanometer [3], the use of standard cells 


as a source of a stable operating current in high-precision compensators, and as reference elements in compensating 
voltage stabilizers [5}. 


In the present work we examine the application of standard cells in a floating condition for long-term stabiliza- 
tion of small direct currents. 


Schematic and computation of a stabilizer. The schematic of a stabilizer with a standard cell operating ih a 
floating condition is shown in Fig. 1. The nominal (initial) values of the emf and resistances in the circuit are selected 
in such a manner that current h,which flows through the standard cell E;,is equal to zero. Hence, the source of the 
stabilized current I,which flows through the load resistor R,consists of Ey. 


(1) 


where Ry is the ballast resistance,which includes the resistance of source E,. 
If after a lapse of a certain time or under the effect of certain factors the parameters of the circuit deviate 
from their initial values, current I will change and current I, will appear. It can be shown that 
Ry Ey 
R (E,—E,) 


bE, +0E,— 


R 
— 


E, 
1—F, 


(5£,—SE;)+ 


where 6 I is the relative variation of the stabilized current; 6 Fy, 6 E,, 6 Ry and 6 R are the relative variations of the 
emf and the resistances in the circuit, Rg is the internal (real) resistance of the standard cell. 


Let us assume that rot << 1, with the knowledge that 6 E,, 6R and 6 Ry are usually one to two orders lower 
than 6 Ey; we can then write, approximately, 


E E 
= 
R 
R(E,—Ey) 
R. E 
|r (2) 
R(E\—E,) 
1 
i= 
3 LE 
| R (E,—E;) 
+0R—BR, (3) 
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(5) 


The appearance of current produces in the standard cell a concentration polarization emf AE,, which depends 
on the intensity and duration of the flowing current. Hence the relative variations of the standard cell emf & E, will 


be determined not only by the lapse of time and the effect of external factors, but also by the value of 8 &. In order 
to eliminate this concealed relation from (4) let us assume that 


bE (6) 


where R,’ is the polarization (apparent) resistance of the standard cell. The relative variation in the standard cell emf 
due to polarization will then be 


Rol, RL E, 
Combining (4) and (7) we finally obtain 
” 


We find the stabilization coefficient of the circuit from (8) by assuming that 6 E, = 6 R=0: 


R E, R 
R, + R, R, E, (%) 


where R, is the total resistance of the standard cell. 


An improvement in the stabilizer parameters and a further simplification of the computing formulas are possible 
if Ey > E,. In practice it is not difficult to attain E,=(5-10)E,. In this case 


(10) 


The circuit in Fig. 1 is intended for the stabilization of one value 


Ry of current I with a stabilization voltage equal to the standard cell emf 
—L_} (approximately 1.02 v). In order to stabilize several values of the cur- 
Es rent a switch is necessary which simultaneously changes resistors R and 
E; * a Ry according to(1). It is also possible to raise the stabilization voltage 

. by making up E, with two or more series-connected standard cells. 


Fig. 1 If stabilization according to Fig. 1 is insufficient it is possible to 
8: use a two-section circuit (Fig. 2) whose stabilization coefficient is 


It is then obvious that E, > E, > Es. If Es consists of a single standard cell, the first stabilizing source E, must 
consist of two or three standard cells connected in series. 


The above relations complete the computation of a stabilizer circuit. Let us now examine the standard cell 


parameters E,, 6 E, and Ry. These parameters are the main factors in determining the properties of a stabilizer, i. e., 
the possible values of I and 6 I. 


4) 
E, 
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Stability of a standard cell emf. For operation in a stabilizer circuit it is possible to use both saturated and un- 
saturated standard cells. The values of standard cell emfs and their permissible variations during one year are given 
in GOST (All-Union State Standard) 1954-55 and instruction 176-55. 


The initial value of a standard cell emf which it is intended to use in a stabilizer circuit should be chosen in 
the range of 1.01858 to 1.01864 v for saturated, and in the range of 1.0189 to 1.0192 v for unsaturated standard cells. 
These ranges are three times narrower than those provided by specifications, thus ensuring to a certain extent a greater , 
stability in the emf of the selected standard cells. Normally the emf of standard cells becomes more stable as it approa- 
ches the mean value (1.0186 v for saturated and 1.019 v for unsaturated standard cells). This property, for instance, 
serves for the preliminary selection of standard cells into reference groups. Moreover, only new standard cells a few 
months after manufacture should be used in stabilizers. It should be noted that under normal laboratory conditions, 

when no current is consumed the life of saturated standard cells amounts to 10-30 years, and that of unsaturated cells 

to about 5 years. 


Investigations of the stability of Soviet mass-produced standard 
cells carried out by D. I, Mendeleev VNIIM ( All-Union Scientific Re- 


7’ search Institute of Metrology) under the guidance of Prof. A. K. Kolosov 
E; |e have shown that the emf of saturated cells does not vary during one 
f, a Ths . year by more than 20 p v*; that of unsaturated cells does not decrease 
by more than 100 pv. The standard cell emf tolerances specified for one 
year by the GOST are several times larger than the above figures. This 
circumstance is due to the fact that these tolerances take into account 
on the one hand the maximum permissible variations which meet the 
measurement techniques requirements, and on the other the possible effect of unfavorable conditions in the use of the 
cells (heavy vibrations, the use of current and accidental short circuits, sudden variations in temperature, operation 


at high temperatures in the case of unsaturated cells, etc.). 


When the standard cells are operating under laboratory conditions in a stabilizer circuit it is possible tentatively 
to adopt the above values for their emfs. 


The effect of temperature on the emf of unsaturated standard cells can be normally neglected, since their temp- 
erature coefficient does not exceed 5yu v/*C. In order to eliminate the effect of temperature on the emf of saturated 
cells it is necessary either to maintain the temperature of the cells constant by means of an automatic thermostat, or 
use an automatic temperature compensation device. These problems must be dealt with independently. We shall 
only note that with appropriate thermostatic control or compensation it is possible to neglect the temperature effect 
of these cells. Irrespective of the type of standard cells used they must be placed in a massive thermal screen which 
will provide within the standard cell jacket a uniform temperature with deviations not exceeding 0.01°C. 


Internal resistance of standard cells. The value of standard cells’ internal resistance Ry is mainly determined 
by the size of their jackets. In the recently manufactured Soviet standard cells of a normal design the internal resis- 
tance is of the order of 300 ohm. This value consists of the electrolyte resistance of 150 ohm with the remaining 
150 ohm being due to the resistance of the cadmium sulfate crystal layer (in the saturated standard cell) or to the re- 
sistance of the crust separation which retains the ingredients of a standard cell in a certain position (in the unsaturated 
standard cells). In time the resistance of saturated standard cells rises slowly. In the majority of standard cells (about 
60%) in 5 years’ time the resistance rises by 100-200 ohm, whereas in some (about 10%) in the same period it is in- 
creased by a factor of 5-10, and sometimes even 20-30°°, 


The reduction (restoration) of the resistance to its original value is normally obtained by passing through the 
standard cell for a short time an audio-frequency current (20 v,10,000cps for 1 sec) [3]. This treatment does not eli- 
minate the cause of the rise in the internal resistance; however, it reduces this resistance for a considerable time. It 
is also possible to lower the resistance by violent shaking of the standard cell. However, such treatment is difficult 
to regulate and it may have detrimental effects on the cell. The internal resistance of unsaturated cells usually re- 
mains constant with time. 


*For the purpose of comparison let us note that the variation in the emf of reference standard cells made and kept at 
VNIIM does not exceed 2 pt v per year. 
** According to the test results of standard cells obtained by the VNIIM in 1956-1960. 
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Fig. 3. Mean variations in standard cell emf (from 10 
standard cells) under the effect of a continuous dis - 
charge current. I) Denoted by @, current of 0.1 p a, 
saturated standard cells, AE, in 10 uv; I) denoted 
by x, current of 1p a, saturated standard cells, AB, 
in 100 pv; III) denoted byA, current of 1 a, unsat- 
urated standard cells, AE, in 100 uv; IV) denoted 
by O, current of 10 pa, saturated standard cells, AE, 
in 1000 py. 


noticeable effect on the standard cell emf. 


*A. S, Savushkina participated in this experiment. 
**V. V. Myuller has produced special standard cells. 


bilizers. 


The resistance of standard cells can be decreased to 50-100 ohm by increasing the surface of the electrodes 
(limb diameter of 20-25 mm). The resistance can also be reduced by connecting several standard cells in parallel. 
Such a connection does not have an adverse effect on the emf stability of the group providing the difference in the 
emfs of separate cells does not exceed 30 v for saturated and 100 v for unsaturated standard cells. 


The polarization resistance of standard cells depends on the intensity and duration of the discharge current. 
This resistance decreases with a rising current (Fig. 4). Since standard cells are normally used in precision electrical 
measuring circuits intended for long-term operation (months, years), the discharge current should not exceed 1p a. 
Under such conditions the drop in the emf will amount to some 0.05%, Hence, polarization resistance rises in one year 
from a few tens to several hundred ohms. With a discharge current 0.1 a thedrop in the emf for one year will 
amount to some 0.003%, and hence the polarization resistance will amount to 300 ohm. For currents smaller than 
0.1 pa the polarization resistance no longer depends on the current. 


For the purpose of measuring the polarization resistance it is possible to use the circuit and technique described 
in the GOST and the instruction for measuring the internal resistance of standard cells. The polarization emf of a 
standard cell discharged for 5 minutes by a current of 0.1 a can serve as a criterion whether this cell is suitable 


Polarization resistance of standard cells. The standard cells’ polarization resistance Rg’ is found from the experi- 


mental relationship AE, = f(1, t}, An analysis of the data obtained from literature[1-4] and the experiments carried 
out by the author at the VNIIM® lead to the following conclusions. 


The polarization emf of newly produced Soviet standard cells amounts to 104 v per 1 coulomb for saturated 
and 20 v per 1 coulomb for unsaturated standard cells in the current range of 0.01-10p a. It will be seen from Fig. 
3 that these data are strictly tentative; however, they are satisfactory for normal computations, The polarization 
emf of standard cells operated for a long time may, however, exceed the above values by a factor of 5-10 [6]. 


Thus, the resistance of a standard cell with a contin - 
uous discharging for one year by a current of not more than 
1p a can be tentatively estimated to amount to 400 ohm. 


The value of the polarization resistance is determined 
by the effective surface of the electrodes. It has been estab- 
lished experimentally® * that the polarization emf is due 
mainly to the positive electrode (about 0.9 AB,). Hence 
the polarization resistance can be most effectively decreased 
by increasing the surface of this electrode. 


The polarization of standard cells is considerably 
larger in charging than in discharging [3]. For a current of 
1 pa the charging polarization is ten times greater than the 
discharging polarization (Fig. 5). However, charging and 
discharging currents not exceeding 0.1 a have the same 
effect on the standard cell emf. It is, therefore, advisable 
to make the standard cells operate in the stabilizers in a 
discharging condition only** °. 


The above operating condition can be easily met if 
stable chemical sources of current are used for the stabilizer 
supplies, since the emf of such sources decreases with time. 


If, however, the source & should consist of a stabilized rectifier fed from the mains, the standard cell should be 
artificially provided with a discharging operating condition, in order to meet requirement (1) for a maximum posi - 
tive value of 6 E, instead of 6 Ey =0 as previously indicated. If the standard cell is fed from a rectifier it will in- 

evitably pass an alternating current. It has been shown [3] than an alternating current not exceeding 10 pa has no 


**® The recommendation refers to standard cells operating as reference elements in compensation -type voltage sta- 
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for a stabilizer circuit. A polarization emf of 10 yu v (polarization resistance 


Rohm of 100 ohm) can be considered permissible. The measurement of the polari- 
100 [ zation emf, i. e.,the difference of a standard cell emf before and after passing 
80 a current through it, should be made with an error not exceeding 1 pt v; the 


interval between the switching off of the current and the measurement of the 
standard cell emf should be as small as possible (5-10 sec ). 


Stabilizer parameters. The limiting values of the stabilized current are 


20 \ determined by the following considerations. Since the above stabilizer circuit 
hn is very simple and reliable it is desirable to make the source Ey also simple 

00010.0101 1 0 1001,,Ha and reliable. At the present time it is possible to recommend for E; either 
Fig. 4, Relation of the polariza- mercury oxide elements [7],which provide currents up to 100 pa for a 6, of 
tion resistance of an “average” the order of several tenths of a percent, or silicon stabilizers [8],which provide 
standard cell to the discharge a & E; of the order of several hundredths of a percent. Assuming 6 Ey = 0.03% 
current. The discharging time and a, we obtain according to (10) 1=3000 pa. For 6B, =0.3% and 
amounts to 5 minutes. 3 a (3 standard cells connected in parallel) we obtain I= 1000 p a. 


On the other hand, the smallest stabilization coefficient can be of the 
order 3-5. Assuming that K=3 and R, = 600 ohm we shall find from (10) that 


1000 4€), uv R=1500 ohm; hence current 1=600 pa. For K=3 and R, = 200 ohm (three 
- standard cells connected in parallel) R=600 ohm, hence current I= 1600 pa. 
800 |- It can be considered, therefore, that the top current stabilization limit is equal 
600 to approximately 1000 pa. 
400 - The lowest current stabilization limit is 1 a, since for lower currents 
it is better to use the standard cell itself as a source of stabilized current. In 
200 such applications of the standard cell it is necessary to consider not only its 
0 total resistance and the variation of this resistance with time, but also the 
10 20 30 40 
Days effect of temperature on the internal resistance of the cell (a negative temp- 


erature coefficient of the order of 0.03 degree!). If the current is smaller 


Fig. 5. Mean variation of stand- than 0.1 ya the latter factor can be neglected. 


ard cell emfs (of 3 standard cells) 
under the effect of a continuously It will be seen from (10) that the stabilization coefficient is mainly de- 
charging current Of 1 pa. termined by the value of the stabilized current I, since the ratio E, /R, can be 

varied in narrow limits. For currents of the order of 100 pa the stabilization 
coefficient is K 20, and for currents of the order of 10aitis K 200. 


However, the attainable stabilization accuracy is determined mainly by the instability of the standard cell. If 
the required stabilization accuracy 6 I= 0.01-0.03 % it is advisable to use an unsaturated standard cell (without com- 
pensation); if however 6 I1=0.003-0.01%, a saturated standard cell should be used. 


Conclusion. The sphere of application of the above circuit consists in long-term stabilization (months or years) 
of de currents in the range of 1 to 1000 pa with an error of 0.003-0.03%, 


The application of the above stabilizers includes the stabilization of the working current of highrprecision dc 
automatic compensators (with a digital display). 
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APPLICABILITY OF KOTEL"NIKOV'S THEOREM 
TO DISCRETE MEASUREMENT TECHNIOUES 


V.N. Khilistunov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 25-28, March, 1961 


One of the most important problems in the theory of analog-digital converters and digital instruments is the 
evaluation of the dynamic errors arising in measurements of continuously varying quantities. 


The measurement of a variable quantity consists in determining its instantaneous values which correspond to 
given values of the independent variable. Normally time is used as the independent variable. 


Discrepancies between the values of the variable and the time to which they are referred, and the error in de- 


termining the amplitude of the signal due to the variation of the measured variable during the measuring process,de- 
termine the dynamic error of the instrument. 


Discrete measuring systems are subject to three types of dynamic errors: 


dynamic errors of the first kind, due to a functional relation between the values of the input and output signals, 


which differs from a similar relation with respect to electrical measurements under static conditions. This problem 
is dealt with in [1)}; 


dynamic errors of the second kind, due to the variation of the measured quantities during the discrete measuring 


process. One of the effective methods of dealing with such errors is the clamping of the input signal level during the 
discrete readout [2}; 


dynamic errors of the third kind, due to the discrete nature of measurements in digital instruments. The error 


in representing a continuous quantity by a series of its discrete values is a function of the time intervals At between 
the readings of the variable quantity. 


Even if one assumes that the dynamic errors of the first and second kind do not exist and the instantaneous value 
of the function is determined accurately, there still remains the problem of ascertaining the values of the continuously 
varying quantity in the intervals between its measured values. Errors of this nature can be called errors of approxima- 
tion. In this article attention is mainly paid to this problem. 


In the theory of information the problem of a discrete transmission of a continuous signal is solved by means of 
a frequency representation of the signal. The solution is based on Kotel'nikov's theorem derived for finding the con- 
ditions for transmitting telephone communications by pulse methods [3]. 


The proof of Kotel'nikov's theorem is based on expanding function f(t) into a special kind of series according 
to which 


sin @ 


(Rat) 


It follows from (1) that function f(t) is determined by its instantaneous values f(kAt), taken in intervals of 


1 


= 


where f, is the highest frequency registered in the spectrum of the measured function. 


It follows from this theorem that function f(t), which operates in interval T, can be fully expressed by its N dis- 
crete values: 


(2) 
N= at =2/,7. 
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The applicability of this information theory proposition to the digital instrument circuits can be decided by 
analyzing the possibility of meeting a number of specific requirements of the measurement technique. 


Firstly, it becomes impossible to use a low-pass filter at the output of the measuring circuit in order to provide 
an automatic summation of the signal components determined from (1) in the same manner as it is done in the com- 


munication technique. 


TABLE 1 


Error made in representing the 


measured signal, ,% 1 |0.5 0.1 


Number of evaluated harmonic 
components,n........] 8 11 24 

Number of measurements required 
per period according to Kotel' - 


nikov’s theorem, N...... 16 22 48 
TABLE 2 
Error, #k6é 0.5} 1 3 5 10 50 
Error, %....{0.05] 0.1] 0.3 | 0.5 | 1 5 
frequency,N/seqg |G also 
ei igje@;* 


Secondly, the nature of the measured signal is 
not known before the measurement: With an equal 
degree of probability it can be either a complex or an 
almost harmonic signal. In the latter instance it is 
impossible to use (2) directly. 


Thirdly, the approximation of the measured 
signal by means of a sum of sinusoidal functions of the 
type sin x/x is inconvenient for measurement applica- 
tions, since additional computation is required for 
every point lying between the measured discrete val- 
ues of the function. 


Fourthly, the approximation of the relation under 
consideration by means of a sum of functions of the 
type of sin x or sin x/x for many signals of a complex 
form (for instance, rectangular or exponential) expands 
into a series whose convergence is very low. In order 
to represent the function with a given accuracy a much 
larger number of terms is required than for other types 
of approximations. 


As has already been stated, it is impossible to use (2) when the signal under consideration is of an almost har- 
monicshape. In measuring such a signal at any frequency we shall always obtain according to Kotel‘nikov's theorem 
only two discrete values for the function per period, by means of which it is impossible to reproduce the process un- 
less its amplitude and frequency are known. In solving a measurement problem we must assume that both these 


values are unknown to us. 


However, a detailed examination of this particular case shows that Kotel'nikov's theorem can be applied only 


if one assumes that measurements are made during a half-period of the signal's variations, i. e. , in assuming that the 


signal has the form of a nonperiodic sine or cosine pulse. 


The width of the function's spectrum is determined as the interval outside which the spectral density is smaller 
than a certain given value. It is obvious that with such an assumption a measurement error is made whose value is 
determined by the ratio of the evaluated and neglected harmonic components. 


The above can be easily illustrated by means of the harmonic synthesis method [4]. According to this method 
the expansion into a Fourier series can be represented in a closed form, thus making it easy to determine the error 
made in representing the signal by means of a shortened Fourier series. Thus for a nonperiodic sinusoidal pulse (4, 


p. 153), 


= x 
(x)= sin (20—1) x— — x! (3) 


sented by n terms of the series. 


for 0<x<n. 


Formula (3) makes it possible to determine the error made in approximating the above function when it is repre- 


If we denote the fundamental frequency by f;, then fs =nf, and we shall obtain from (2) that N = 2n. 


Further calculations by means of (3) for various values of n provide results given in Table 1. 


| 


A more general method of discovering the required expansion harmonics for a given accuracy of signal repre- 
sentation is given in {5}, 


The above method is based on the fact that the total signal energy P,, which is determined by its spectral den- 
sity S(w), includes the error signal energy (P ,): 


Ps; = P+ Pe. (4) 


The limiting frequency of the spectrum is obtained from (4) providing the total energy of the neglected har - 
monics in the spectrum does not exceed the error signal energy P_- 


The author of this article has derived the relation between the transformation frequency N and accuracy with 
which the function can be represented for an exponential signal with a time constant 7 : 


(5) 


The computing data for the case T =1 sec, 
Sinusoidal signal Exponential signal a maximum number of various levels F = 9995, and an 


Approxi - Number of measure Number of measure- errornin fractions)jof the minimum discernible level #ké, 
ments per period | ments persecond are shown in Table 2. 
error, % by Kotel’-| linear | by Kotel'-| linear Thus, in sinusoidal pulses the energy is con- 


nikov's | approx-{ nikov's approx - centrated in the first 18-20 harmonics, but for an expon- 
theorem jimation | theorem | imation ential signal the energy falls with frequency very,slowly 


and is not equal to zero over the entire frequency range 
oe 0 ’ of 0 to ©, This explains such a striking difference in the 
0.1 48 67 195405 14 
0.3 wi a 22377 8 number of required transformations for the same accuracy. 
0.8 29 31 8078 " Hence, approximation of the signal by means of a func - 
‘ tion of the form of sin x is suitable for the first example 
1.0 16 22 2021 4 = 
Se a 4 81 3 (16 transformations per period for an accuracy of 1%) 


and is unsuitable for an exponential signal (2000 trans- 
formations for T =1 sec and an accuracy of 1%. 


The above results become easily understandable if the shapes of the investigated signals and those of the approx- 
imating functions are compared. It is obvious that it is not expedient to approximate an exponential function by 
means of a sinusoidal curve. It is, therefore, necessary to find other shapes of approximating curves which would pro- 
vide a considerable reduction in the required speed of approximation for exponential type functions. 


The simplest form of approximating any function consists of representing it by means of straight-line segments. 
Discrete measurements of instantaneous values of function x(t) are made at given intervals of time At, which repre- 
sents an approximation of the function x(t) by a broken line (see figure). 


If a function x(t) which is continuous over the whole time interval during which its discrete values are regis- 
tered, and which has in this interval a continuous first and second derivative, is approximated by means of a poly- 
nomial x(t) and by the method of linear interpolation,we shall obtain the relationship [6] 


St, 8d 


where N is the frequency of discrete measurements, A t, are the time intervals at which the instantaneous values of 
the investigated signal are measured, ©, is the maximum value of the second derivative of the signal in the por- 
tion ty-tg and 6 is the given value of the approximation error. 


Expression (6) makes it possible to determine frequency N of discrete measurements with respect to a given 
approximation error and the nature of the process under investigation, 


When the linear interpolation method is applied to either of the previously examined signal shapes, the compu - 
tation will provide the required rate of transformation for a given accuracy of approximation. 


1 1 
n 2 t 
TABLE 3 
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There exist other methods of approximating functions [7]. They include circular and parabolic interpolations. 


In circular interpolation straight lines and arcs of a circle are used, the arcs being drawn in such a manner that 
they are tangential to the straight-line segments at the test points. The error in this method of approximation de- 


pends on the amplitude of the tested signal. Moreover, this method requires the computation of the approximating 
circle’s radii, 


In parabolic interpolation the arcs of circumferences are replaced by parabolas which are tangential at the 
points of discrete measurements to the straight lines connecting these points. 


Under certain conditions this method provides the required error with a considerably lower rate of measure- 
ments than in the case of a linear approximation. 


The error is independent of the signal amplitude, but the method is difficult to apply to signals of an arbitrary 
shape when it is necessary tc determine the constants of the parabola at all the inflection points of the function. In 
such a case, it would appear, it is only practicable to apply a linear interpolation which is analyzed below. 


For a sinusoidal signal x=A sin wt formula (6) can be transformed by inserting the values of 


lo? Al; y= 


where A is the signal amplitude. Then 


2-100 
N= 22.2 meas/sec. 


% 


0% t & & 


The required number of measurements per period will therefore be 
N’=22.2 T f #3 


Wy 


where Y is the approximation error, %, 
In the case of an exponential signal 


where A is the maximum value of the signal, AA is the absolute value of the error, 


LY 


N= meas/sec. 


For the case of T =1 sec 4 
N= —— meas/sec. 


wt) a(t) 
(8) 
-+ A 
(10) 

(11) 
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A comparison of the results obtained from (8) and (11) is given in Table 3. 


Conclusions, 1. The linear interpolation method requires a higher (by a factor of 1.4) rate of transformation for 
signals of the simplest form compared with approximation functions of the type of sin x or sin x/x, but it reduces 
that rate to hundredths and thousandths of that required for the latter functions in transforming variables of a more com- 
plex form, for instance, of the exponential type. 


2. Kotel'nikov's theorem applies to approximations by means of a function of the type of sin x/x, hence it is 
not suitable for discrete measurements for the reasons given above; moreover, its application makes it difficult to 
obtain the values of the measured variable between two adjacent discrete readouts. 


3. A linear approximation appears to be sufficiently suitable and convenient for discrete measurements of con- 


tinuous variables; its application does not require additional computations, devices or gauges, which would have been 
required for any other approximating function. 


4. When signals approaching a harmonic form are measured by the discrete method, the main propositions of 
Kotel'nikov's theorem hold if the highest frequency fs of the measured signal spectrum is taken to be the harmonic 


frequency which must be evaluated in order to obtain a discrete representation of a harmonic pulse signal with a 
given accuracy. 
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TRANSISTORIZED STABILIZERS FOR FEEDING TESTING INSTALLATIONS 


S. D. Dodik amd M. I. Levin 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 28-30, March, 1961 


Very exacting requirements are specified for supplies to potentiometric installations used for checking precision 
electrical measuring instruments such as grade 0.5 and 0.2 ammeters, voltmeters and wattmeters. During measure- 
ments the variation in the supply current (voltage) must not exceed one-hundredth of a percent, and the supply volt- 
age must not contain an ac component. Until recently this problem was solved by using relatively powerful storage 
batteries which are available in any potentiometric testing installation. 


In recent years electronic (tube) stabilizers have been developed for feeding parallel instrument circuits, thus 
replacing the cumbersome storage batteries with voltages up to 300 v. However, it is impossible to use electronic 
stabilizers for feeding series-connected (current) instruments which require sources of a few volts but currents rising 
up to several tens of amperes. Such stabilizers can be made but they would be too cumbersome and their efficiency 
extremely low. 


= 


Relatively high stability can be obtained from mains supplies by using semiconductor rectifiers connected to 
the mains through stepdown transformers and ac stabilizers. However, in such stabilized rectifiers it is in practice 
impossible to suppress the ac component in the output voltage, since the filters required for this purpose, owing to 
low frequencies and large currents, would have excessively large dimensions. 


This is why to date storage batteries are used in all precision testing installations for feeding series-connected 
instruments. 


The problem of providing such supplies can be solved fairly easily if semiconductor voltage stabilizers are 
used, with silicon stabilitrons as reference voltage sources, and the output voltage stabilized against variations in the 
supply voltage or load current by means of semiconductor triodes (transistors). 


Modern transistor voltage and current stabilizers can provide for normal ac mains supplies a very high stability 
of the output voltage and current, a negligible ac component and high efficiency. Such stabilizers can be designed 
for voltages of 7-10 v and lower for currents in the range from a few milliamperes to tens and even hundreds of amp- 
eres. 


The attached figure shows the schematic of a stabilizer with an output voltage of 8-9 v-and a current up to 5 


amp*. The principle of operation of this circuit is described in [1], the data for the components of this circuit are 
given in the attached specification. 


The stabilizer employs a series transistor control which consists of a transistor combination T,-T, with a single- 
stage transistor Ts; dc amplifier (DCA) and a silicon stabilitron SS,, which is connected in the amplifier emitter cir- 
cuit in order to provide a reference voltage. In order to raise the stability of the circuit the amplifier collector is 
fed from a separate parametric stabilizer SSy-SS,, which is connected in series with the output voltage. In order to 
protect the stabilizer from current overloads and short circuits a protection circuit is used consisting of transistor T¢, 
stabilitron SSg, resistors Rg and Ry, and relay Py. In a normal condition Tg is conducting and relay Py contact 1-1 
is closed. If the load current rises-above a set value, which occurs in overloading or with a short circuit, the volt- 
age drop across resistor Rs (0.06 ohm) and hence across stabilitron SSs, which is connected in a forward direction, in- 
creases. This leads to a rise in the stabilitron current and a decrease in the base current of transistor T, until the 
latter is completely blocked. Thisreleases relay P, and its normally open contact 1-1 disconnects the stabilizer's 


supply circuit. In order to reconnect the stabilizer it is necessary to press push-button Ky which shorts the relay con- 
tact. 


Rs 


The stabilizer uses a temperature compensation circuit [1]. 


The stabilizer is designed to work from 220 v 50 eps mains. With a mains voltage variation’of 210% the out- 
put voltage does not change by more than 0.005%, For a load current variation of from 0 to 5 amp the output volt- 
age changes by less than 0.025%, The amplitude of the output voltage ac component does not exceed 0.5 mv, which 
amounts to less than 0.01%, The use of a temperature compensating circuit makes the output voltage almost inde- 
pendent of temperature. 


* The stabilizer was developed by S.D. Dodik. 
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SCHEMATIC SPECIFICATIONS 


is a tumbler switch type TV1-2or any other type; Rg 

K, is a push-button switch of any type; 

P,; ~—is a relay type RSM-1 or any other type for a volt- R, 
age below 10 v and a current smaller than 40 ma; 

D,-D, are diodes type D7G-D7Zh, DGTs-24—DGTs-27; 

Ds-Dg are diodes types D303-D305 or 15 diodes types D7A- Ry 
D7Zh, DGTs-21-DGTs-24 connected in parallel; Ray 

Dg -Dy are diodes types D7A-D7Zh or preferably D808 - 
D813 (the number of diodes and the current through 
them are determined in adjusting the thermal com- 
pensation as indicated in [1); 

SS, - SS, is a stabilitron type D810-D811; 

SS, is a stabilitron type D808 ; 

SSs is a stabilitron of any type (D808-D813 ); 

Cy —_ is a capacitor type EGTs of 50 pf, 200 v or type Tz 
KE of 50 wf, 200 v; 

C, and C, are capacitors type EGTs of 2000 uf, 20 v, or 


is a resistor type BLP-1 of 130 ohm 45 %or a wire- 
wound resistor of any type; 

is an adjustable manganin wire-wound resistor of 
100 ohm; it is used when an accurate adjustment 
of the output voltage is required; 

is a manganin wire-wound resistor of 200 ohm 25%; 
is a resistor type MLT-0.5 of 2 kilohm £10%; it is 
selected according to the type of the relay; 

T, is a transistor type P207-P208 mounted on a blackened 
duralumin heat dissipator with an area of 1500- 
2000 cm’, or 5 transistors type P4B-P4D in parallel 
with 0.5 ohm compensating resistors in each emitter 
mounted on blackened duralumin heat dissipators 
with an area of 300-400 cm’; 

is a transistor type P4B-P4D mounted on a heat dis- 
sipator with an area of 200-250 cm’; 

Ts, Tg, Ts, and Tg are transistors types P13-P16 , P25-P26; 


type KE of 2000 pf, 20 v; F, isa 0.5 amp fuse; 
Cs _is a capacitor type KBGI of 0.1 wf, 200 v or any F, is a5 amp fuse; 
other 0.1 uf capacitor; Tr 


is a transformer type Sh-25x35; its winding I has 

1040 turns of 0.6 mm PEV wire, it has taps at turns 
720, 800, 880 and 960; its winding II has 90 turns of 
1.7mm PEV wire, with taps at turns 70 and 80; its 


Ry ia a resistor type MLT-2 of 1.8 kilohm 210%; 
R, is a resistor type MLT -2 of 3.6 kilohm 4 10%; 
Rg is a 0,06 ohm resistor wound with manganin 1.2 


mm wire ; winding III has 300 turns of 0.15 mm PEV wire: 

Ry is a resistor type MLT-2 of 150 ohm 210%; Lis a choke coil type Sh-25 x 35 with an air gap 

Rs and Rg are resistors type MLT-0.5 of 26 kilohm of 1 mm and its volume filled by a winding of 
410%; 


1.7 mm PEV wire; its core made of Sh-25 iron 
R; is a resistor type BLP-1 of 10 kilohm £5% or a wire- can be replaced by Sh-20 iron with an appropri - 


ate readjustment of the rectifier. 


wound resistar of any type ; 


Experience gained in operating the above stabilizer for several months in the VNIIK (All-Union Scientific Re- 
search Institute of the Committee of Standards, Measures and Measuring Instruments) Laboratory showed that it pro- 


vides suitable conditions for testing pointer current instruments by means of a potentiometric installation,and can 
replace storage batteries. 


A similar circuit can be used fer stabilizers with current ratings up to 10, 20 and 50 amp by simply increasing 
the number of parallel-connected controlling power transistors and rectifiers. Transistors types P207-P208 or P4 can 
be used as power regulators. For mains voltage variations of 410% and an amplitude of input voltage pulses of the 
order of 0.5 y one transistor type P4 or P207-P208 can supply without additional ventilation a current of 1.2 or 6 
amp respectively. For this purpose transistors are mounted on blackened duralumin heat dissipators of an area of 
100-150 cm* per 1 w of dissipated power. If the mains are already stabilized with an error of 22%, the current ob- 
tained from the transistors for the same dimensions of the heat dissipator can be raised by 50%, If transistors P4 ot 


P207-P 208 are operated in parallel they should be balanced by means of resistances of the order of 0.5 or 0.1 ohm re- 
spectively in their emitter circuits. 


For a stable operation the voltage between the collector and emitter of transistor T, for a maximum load cur- 


rent of 5 amp and a mains voltage of 220 v~10%(198 v) must be about 3-4 v; for a voltage of 220 v it should be 
about 5 v, and for that of 220 v+10%(242 v) about 7 v. 


A higher stability of the output voltage can be obtained by using two- or three-stage dc amplifiers, and also 


by placing the stabilizer measuring elements (Ts, SS,, Dy, Dyp, Rg, and Ry) in a miniature semiconductor thermostat 
(2). 


The mass production by our industry of transistorized stabilizers for checking current circuits will provide a con- 


siderable saving, free test laboratories from cumbersome storage batteries, and in certain instances raise the accuracy 
of measurements. 
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SIMPLIFIED COMPUTATION OF A SINUSOIDAL 
FERRORESONANT STABILIZER 


V. P. Pozdnyakov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 30-32, March, 1961 


The ferroresonant stabilizers produced by our industry are unsuitable for operation in circuits which require a 
sinusoidal voltage. The output curve of such stabilizers is heavily distorted by higher harmonics, the third harmonic 
amounting to 20-35%, the fifth to 7-12% and the seventh to 3-5%, According to the existing standard the harmonic 
content of a sinusoidal voltage mustnot exceed 5%, This condition is met if the saturated coil current is connected 
to two additional resonance filters tuned to the third and fifth harmonics. This is attained by the circuit shown in 


Fig. 1, which provides a high degree of stabilization with mains voltage variations of #25 % and does not require lam- 
inations of a special shape. 


Accurate computations for ferroresonant stabilizers do not exist and those for sinusoidal stabilizers have not been 
touched upon in literature. We therefore provide for a sinusoidal stabilizer shown in Fig. 1 a simplified computation 
based on empirical formulas, only applicable to this stabilizer. 


The stabilizer is required to work into a resistive load P,=300 w, 
at a mains voltage of U = 220 v, and a stabilized voltage of U,, = 220 v. 
Transformer iron type Sh-40, a cutout area Q,=12 cm’ and a mean mag - 
netic circuit length 4, = 22.2 cm should be used, 


Saturated coil (of the autotransformer) 


The core cross section Q.=1.2 ¥Pj,=21 cm’. The number of turns 


in the windings is Wy + Wz = 28 =293, Wy=18 U/Q, = 188 and W, = 
105 turns. 


The total capacity of capacitors Cy +C, is chosen according to the 
Fig. 1 stabilizer power and the working voltage of the capacitors. Normally 
rg oiled-paper capacitors type SM-0.65-5 of 5yuf and a working voltage 


of 650 v are used in stabilizers. In this case ~ 5yf is taken for each 100w 
of power. Thus we obtain Cy+C,=15 pf. 


The total number of turns in the coil will be 


We = 503 turns. 
Qe (Ci +C,) 


The number of turns in winding Ws=W, —(W,+ W,)=210. 


The voltage across the choke coil is 


Ww 


Ue Ust + W2 


= 377 v. 


1, 
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W, 
Ss 
~220 > 
210 


Let us now check the total capacitance: 


P 
C,+C,=7500 15 yf. 
c 


Let us find the working voltage for which the capacitors must be calculated,U, = 1.6 U., = 603 v. 
We can thus choose the recommended capacitors. 


Unsaturated choke coil 


The Chy core cross section is Q, =0.9-Q. =19 cm’. 
The number of turns in the main winding is W,=36 U/Qca = 416 turns. 
The number of turns in the compensation winding is Ws =0.22- W, =91 turns. 


The unsaturated choke coil is made with an air gap of 2mm. The size of the air gap is finally fixed in adjusting 
the stabilizer. 


The diameters of wires used in various windings, including their enamel insulation, are: for winding W, 1.1 VT, = 
1,28 mm; W, VT, =1.16 mm; Wg 0.9 VT) =1.04 mm; W, 1.05 VT, = 1.22 mm; and Ws 0.7 VT; =0.95 mm. 


For purposes of adjustment, all the windings with the exception of W, have 4-6 tappings in regular intervals 
in the last 10% of their turns. 


Adjustment. The initial adjustment of the stabilizer is made without coils Ly and Ly for a nominal load. For 
this adjustment the stabilized voltage should be 5-6% below the nominal. 


A normally tuned stabilizer maintains the output voltage with an error of #(0.5-0.7) % for mains voltage vari - 
ations of 210% and 4(1-1.5 )% for variations of 225% with a heavily distorted sine wave. 


In the following operation the capacitors are divided in such a manner that the capacitance used for tuning 
the third harmonic filter is at least twice as large as that used for tuning the fifth harmonic filter. 


In our example the capacitance of the third harmonic 


Use» ¥ filter is 10 pf and that of the fifth harmonic filter 5 yf. 


The ngtural frequency for each resonant filter is deter - 
mined from the basic relationship f = 1/2841. 


Since the values of capacitances are known we only 
NP sas w need to find inductances for each Riser. For the third har- 
L monic filter it will be L,=1/ 6.28*f*C #0.11 h, and for the 
fifth harmonic filter we find similarly Ly = 0.08 h. 


We can now find the approximate value of the effec- 
tv tive currents in the capacitative branches for the fundamen- 


Fig. 2: tal frequency of 50 cps. For this purpose let us determine 
ae the current through one capacitor : 


ess 8 


Ic = Uc 2a fC = 0.6 amp. 
Let us now find the filter currents for the third harmonic: I, = 1,25-2 In =1.5 amp, and for the fifth harmonic: 
Ig, 0.69 amp. 


The core cross sections for coils Ly and L, will be for the third harmonic Qgy, =(350- 14)/Qp =17,2 cm’, and for 
the fifth harmonic we find similarly Q 3 =1.1 cm’. 


The air gaps in the coils for the third fiarmonic will be hey = SI, L,/ Qs = 1.7 mm; and for the fifth harmonic 
similarly 2c, = 1.7 mm. 
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The number of turns in the coils for the third harmonic will be Wh = 8200 ¥ Ibo, / Qe, = 418 turns, and 
for the fifth harmonic similarly ha > = 902 turns. 


The diameters of the winding wires will be d, = 0.7 ‘T, = 0.86 mm, and similarly we find dy = 0.58 mm. 


It is advisable to make the final adjustment of the stabilizer with an actual load and a cathode-ray oscilloscope. 


By varying the air gaps in the coils the best sine wave is obtained, which should appear to be almost exactly 
the same as the mains voltage sine wave. 


When the stabilizer operates with filters its output voltage rises to the nominal value and for 410% variations 
of the mains voltage the stabilized voltage changes by #(0.15-0.2)%, which is in fact difficult to obtain from a non- 
sinusoidal stabilizer. 


The stabilized voltage is almost independent of the loading and mains voltage variations; however, dips in the 
output voltage at small loads occur at mains voltages only 25% below the nominal (Fig. 2). 


With an ambient temperature of 20° such a stabilizer will withstand a prolonged overloading by 20%, If a re- 
sistive load is replaced by an inductive load the stabilizer characteristics are changed very little. 


The efficiency of the stabilizer is relatively high and amounts to 85%, 


In order to be completely satisfied with the operation of the stabilizer the percentage content of higher harmo- 
nics should be checked. This can be determined with sufficient accuracy for all practical purposes in the following 
manner. 


The voltage terminals of an electrodynamic wattmeter are connected to an audio-frequency oscillator type ZG- 
10, and its current terminals to the stabilizer load. The oscillator is then set at 50 cps and the wattmeter readings 
noted. Next, without changing the current or voltage im the wattmeter the oscillator is set to the required harmonic 
and the maximum reading is again noted. 


If the first reading is taken as 100% the remaining readings will correspond to the percentage harmonic content. 


Conclusions. The above sinusoidal stabilizer is suitable for almost any devices used in checking and repairing 
electrical measuring instruments. The use of such a stabilizer frees the operator from the inconvenience of maintaining 
a given operating condition. 


AND DESIGN OF AC SHUNTS FOR TESTING 


COMPUTATION 


COMMUTATION EQUIPMENT 


I. B. Bolotin 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 32-35, March, 1961 


When testing electrical equipment for its commutation properties, dynamic stability, etc., it is necessary to 
measure among other quantities the short-circuit current,whose value reaches several hundred thousand amperes. 
The measurement of such large alternating currents with the required accuracy, especially in transient conditions, is 
very difficult, since to date there are no simple and reliable measuring instruments which would measure with the 
same accuracy both periodic and aperiodic components of a short-circuit current. 


It is known that a normal current transformer with an iron core, which provides satisfactory measurements under 
steady state conditions, produces in a transient state large distortions due to the magnetization of its core by the aper- 
iodic component of the current and to the existence of residual magnetism. 


If a current transformer without an iron core is used (an air-cored transformer) its secondary winding will pro- 
vide a voltage proportional to the derivative of the primary current. Hence, in order to reproduce the original current 


1 


‘ 


ling 


it is necessary to integrate this voltage by means of an integrating device, thus leading to a more complicated 
measuring method and to a certain increase in the error of measurement. 


The use of air-cored transformers with integrating de- 
vices is expedient for measuring large currents in high-ten- 
sion circuits where the measuring circuit has to be isolated 
from the power circuit. When measuring large currents in 


a circuit which has fixed points with low potentials it is pre- 
ferable to use ac shunts. 


Considerable attention has been paid to the problem 


of measuring alternating currents by means of shunts at the 
Leningrad branch of the V. I. Lenin All-Union Electrotechnical Institute, by a team under the leadership of N, N. 


Nikiforovskii. It was established that measurements under short-circuiting conditions can be best made by cylindrical 
shunts ‘with axial potential leadout conductors made in the shape of manganin strips placed in radial planes (see fig- 
ure). This design has advantagescompared with others, since it is very rigid and withstands electrodynamic effects, 
and provides an even distribution of current along the circumference (through the plates), since the resistance of a 
manganin strip is much larger than the transition resistance at the point where the strip is fixed to the butt. Thus the 
equivalent inductance of the shunt may be reduced to a very small value. In practice it is sufficient to make the 
ratio of the shunt length to the diameter of its butts approximately equal to 2. 


For practical computation of an arc shunt intended for testing commutation equipment it is necessary to take 


into consideration that in operation the shunt is subjected to electrodynamic and thermal effects of the current tlowing 
through it. 


The formulas relating the electrodynamic forces and the electrical heating up of the current-conducting element 
with its geometrical dimensions and the current flowing through it are well known. On the basis of these formulas 
it is possible to derive convenient relations for the calculation of the shunt and to simplify them considerably. 


Computation of the shunt dc resistance. The required total resistance r, of the shunt is determined by the nom- 


inal current In for which the shunt is calculated and the voltage Up across its voltage terminal which it is required 
to have for this current: 


- Un 


Ts 


If a uniform current distribution over the strips is assumed, the resistance r 
Tp = tg, where p is the number of strips. 


~ of each strip can be represented as 


After simple transformations we obtain the design formula 


> =2.18-10 22, 


(1) 
"9p 


where Zp is the length of the manganin strips of the shunt, cm; qp is the cross section of a strip, cm’; p is the resis- 
tivity of manganin, assumed to be 0.46: 10“ ohm. cm ; U,, is the nominal voltage drop, v; I, is the current, amp. 


Computation of the shunt on the basis of its electrodynamic strength. In this computation it is necessary to de- 


termine the force Fj; acting in each strip of the shunt. In order to simplify the calculation the butt ends’ effect is not 
considered, which only leads to a certain reserve strength. 


When a current flows through the ith and kth strips, the whole length 2 of the ith strip is acted upon by force 
Frik’ which is equal to (see figure) 


Fijp=2.04 (VY ), 
1 


where 1; and I, are the effective currents in each strip, amp; 2, is the distance between the strips, cm; J is the 
length of the strip, cm; Fz4, is the force, kg-wt. 
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The mean value of the force acting per unit length Fj, can be represented in the form 


Tile G--y 
10—* Ei, 
Dsin 2 (2) 


2 


where D is the diameter of the circumference which runs through the center of the strip cross section; ¢;, is the 
angle between the radii corresponding to the positions of the i-th and k-th strips ; and 


The force Fj, can be resolved into its radial Fij¢r) and its tangential Fi,¢r ) components. The tangential 
components of the i-th strip,due to its interaction with the two adjacent strips which are symmetrical with respect to 
it,cancel each other. 


The radial component is determined from the expression 


Since I; = Il, = I/n, we have 


2.04 


In this formula only Coefficient €;, depends on the ordinal of the strip. 


The total force acting per unit length of each strip when current flows in all the strips of the shunt is directed 
radially toward the center and is equal to 
k=n—1 


k=l 


It can be shown that €;, varies for an actual shunt in the limits of 0.7-1. Hence we can write 


a=n-1 

= Ei =(n—1) 6, 
a=l 
where € is a little smaller than 1. 
In order to simplify the design formula let us assume that E = 1, which will lead to a certain increase in force 
F; and hence to an additional reserve strength in the computation. 


The design formula will then assume the form 


Formula (4) relates the nominal current with the diameter and the required number of strips. 


Calculation of the shunt on the basis of its electrothermal strength. In order to calculate the shunt on the basis 
of its electrothermal strength, considering the heating up to be adiabatic, let us use the formula which expresses the 
relation between the geometrical dimensions of the strips and the permissible current and heating-up temperature: 


cy( T— To) 
0.24p¢ 
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where S is the total cross section of all the strips in the shunt, cm’ ; c is the specific heat of manganin equal to 0.095 


cal/g- deg; y is the specific gravity of manganin, equal to 8. 3 g/cm ; T-Tp is the temperature change of the shunt 
in t sec, °C; p is the resistivity of manganin equal to 0.46: 10“ ohm-cm. 


Thus , for‘manganin shunts the formula assumes the form 


T (5) 


/ =268S 
From (1), (4) and (5) it is possible to compute the shunt. 


Example. It is necessary to compute a shunt for I, = 1000 amp, U,, = 100 mv, and a limiting current of 30 ka 
flowing during 0.3 sec. 


From (5) we can determine the total cross section of all the strips of the shunt, assuming the permissible temp- 
erature rise in the manganin to be T-Ty = 150°C : 


From (1) we find the length of the manganin strip, between the butt ends: 
=5-+2.18- 10*-0,1- 10-7 = 10.9 cm. 
The total length Zs of the shunt is obtained by adding the thickness of the two butt ends. From constructional 
considerations and for a good heat dissipation let us take the thickness of the butt end as 1.5 cm; then 2, = 13.9 cm. 
In order to obtain the smallest possible inductance of the shunt let us take its diameter as 7 cm. 


The number of plates is chosen on the basis of cross section q_ of the available strips. Moreover, in order to 
ensure an adequate current distribution over the circumference the number of strips should not be less than 20. If we 
use strips with dimensions b=0.1 cm and h=1.0 cm, their cross section will be Gp = 0.1 cm* and their number n= 
S/dp = 50. 


In order to improve the mechanical strength of the shunt textolite struts 5 mm thick are placed in parallel with 
the butt ends so that the free span of the strips between the struts and the butt ends is I¢ = 3.3 cm. 


The force acting per unit length when a current of 30 ka is flowing can be found from (4): 


2.04-30000"  50—1 
7 50° 


-10~® =0.0525 kg-wt/cm. 


It can be considered with great,accuracy that the force F; acting in the middle span is uniformly distributed 
along the length of the strip. According to the well-known resistance-of-material formulas let us find the mechanical 
stresses in the strip, considering it as a beam fixed at both ends. The maximum bending moment will be M_,,, = 
Fil 0.0476 kg-wt cm. 


The moment of resistance of the strip cross section W=bh’/6=0.0167 cm®, Tension o = Mmax/W = 2.86 kg- 
wt/cm*, which is well below the permissible value. 


Let us now determine the limiting current which the shunt can withstand from the point of view of its electro- 
dynamic strength. The tensile strength of manganin is 5000 kg- -wt/em. 


Assuming the safety factor to be 5, we obtain the permissible stress as 0, = 1000 kg-wt/cm’. 
Mmax.p = OpW=16.7 kg-wt - cm; = 18.3.kg-wt/cm. 
The maximum permissible current is 


Ow 
2.04(a—1) 10° =565 ka. 


The maximum permissible current amplitude is Imax, p = 800 ka. 
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This figure is somewhat lower than the actual value owing to the values assumed and neglected. 


Production characteristics of the shunt and test results, On the basis of similar computations a shunt was made 
for I, = 1000 amp, Up, = 120 mv and a limiting current of 30 ka flowing for 0.3 sec. The manganin strips were placed 
in appropriate slots made in the copper butts and silversoldered, thus providing a low contact transition resistance be- 
tween copper and manganin. 


Since in silver soldering the butts were raised to a temperature considerably exceeding the safe temperature 
for manganin, the shunt was placed during soldering in water in such a manner that all of the manganin was under 
water with the butt alone remaining above its surface. Hence, even if the water was heated up to its boiling point, 
the temperature of manganin could not exceed 100°C. 


Since the resistance of one manganin strip came _ to about 6000 pw ohm and the transition resistance of the 
silver-soldered contact amounted to some 4-5 yp ohm, any discrepancies in the contact transition resistances of var- 
ious strips can be neglected, and it can be assumed that the current distribution among the strips is uniform. 


The errors of the shunt were determined in the following manner. 


The shunt is designed to measure short-circuit currents which can be represented by the following expression: 


sin (ot+9)—/ singe (6) 


where i and I,,, are the instantaneous and amplitude values of the current; ® is the switching phase of the current; 
T, is the decay time constant of the aperiodic current component. 


The instantaneous voltage across the voltage terminals of the shunt can be expressed by the formula 
Us = Imts ¥1+¢ wT.) sin (wt 


(7) 


where T, = Ls/rg is the equivalent time constant of the shunt; ¢ =tan™ wT, is the lag angle of the periodic compo- 
nent; rs is the resistance of the shunt; L, is the equivalent inductance of the shunt. 


It will be seen from (7) that the proportionality between U, andi is disrupted by coefficient v 1+(wT,) in 
front of the periodic component and by angle ¢, as well as by coefficient 1-(T;/T,) in front of the aperiodic com- 
ponent in (7). 


An,analysis of (7) shows that in order to keep the error of reproducing both short-circuit components below 0,5% 
even in the case of complete aperiodicity, it is sufficient to make the time constant of the shunt meet the following 
requirement: 

T, = 0.005 (8) 


Since in testing the equipment, the value of Ty is normally in the range of 0.01-0.2 sec, it is necessary in 
order to satisfy (8) to make T, < 5-107 sec. 


At the frequency of 50 cps this condition can be replaced by the following: 
wT, <1.57- 107. (9) 


Conclusions. The shunt errors were measured on an ac potentiometer type R-56. The voltage terminals of the 
shunt were connected to the measuring terminals by means of a twisted pair. These tests led to the following conclu- 
sions : 

the resistance of the shunt amounts to 119.6 y ohm, which differs from the calculated value only by 0.33%; 
the time constant of the shunt amounts to wT, = 0.835- 10 = which satisfies (9). 


It is possible to conclude from the measurement results that the shunt can be used for measuring short-circuit 
currents with an error not exceeding 0.5%, 


The shunt was tested for thermal stability by passing through it 30 ka for 0.3 sec. The rise of temperature in 
this test did not exceed 100°C, which is below the calculated value. This circumstance is due to the fact that the 


= 
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shunt is short and a considerable effect is produced by the dissipation of heat away from the manganin strips in the 
butts and massive busbars. 


The shunt was extensively used in the commutation equipment laboratory of the Leningrad branch of the V. I. 
Lenin All-Union Electrotechnical Institute in testing high-tension equipment with satisfactory results. 


TRANSISTORIZED DC INSTRUMENT AMPLIFIERS 


V. V. Pavilov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 35-40, March, 1961 


The use of semiconductor elements in dc instrument amplifiers has great possibilities, since it raises consider - 
ably their reliability, reduces the supply power and the size of the amplifiers. 


The basic problem in designing transistorized dc instrument amplifiers consists in eliminating zero drift, which 
is especially difficult in direct-coupled amplifiers. The zero point of such amplifiers is determined by the reverse 
current of the collector junction,which is very sensitive to ambient temperature variations. With a rising tempera- 


ture this current increases exponentially and doubles approximately every 11°C for germanium transistors and every 
5.5°C for silicon transistors. 


In direct-coupled amplifiers drift is decreased by means of balancing circuits, compensating feedbacks and indi - 
vidual thermal components such as thermistors, diodes, and other similar elements. However, all these methods re- 
quire individual adjustments and are therefore unsuitable forcommercial measuring instruments. Such amplifiers 


can only be used periodically, when they can be adjusted before each measurement as, for instance, under laboratory 
conditions. 


Fig. 1. 


It is known that in commercial measuring equipment it is better to use amplifiers with a conversion of direct 
to alternating current and subsequent ac amplification. Such amplifiers must contain a dc-to-ac converter, a source 
of converting voltage, an ac amplifier and a rectifier. In modern measuring equipment vibrating inverters are used 

for dc to ac conversion. However, contactless inverters using semiconductor (diode or triode) or Hall elements are 

in many respects preferable to the former. 


Investigation of the work of inverters using germanium and silicon diodes of various types (D2, D7, D201, D206 
and others) has shown that their minimum sensitivity is equal to 3-5 mv. Their conversion factor, i. e., the ratio of 
the voltage drop at the output to the input dc voltage, amounts to 0.5-0.7. The conversion voltage may have either 
a sinusoidal or rectangular shape. Germanium diode inverters have unsatisfactory temperature characteristics. Their 
voltage drift in 8 hours of operation for temperature variations only in the room temperature range amounts on an 
average to 0.8 mv. Silicon diode inverters work satisfactorily with temperature variations of 45°C providing a volt- 
age drift within 0.1 mv and a current drift within 1071° amp (for 8 hours). 
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Lower de voltages can be converted by means of Hall effect {nverters. Their minimum sensitivity lies in the 
area of 50 uv [1]. The conversion factor of Hall elements is determined from the formula 


(1) 


where p is the carrier mobility, cm*/y - sec; B is the magnetic induction produced by the converting voltage, gauss; 
b is the width of the element plate, cm; ? is the length of the plate, cm. 


For instance, an antimonous indium Hall inverter would have y =2:10° ent/v ‘sec, l=1 cm, and b=0.5 cmina 
field with a magnetic induction of B= 2000 gauss and K, = 0.4. A dc instrument amplifier circuit using a Hall ele- 
ment with a K. = 0.17 is described in [1]. 


An essential defect of such an amplifier consists, in addition to its low conversion factor, in its temperature in- 
stability. Temperature compensation requires careful individual adjustment and in general is not satisfactory. There- 


fore Hall inverters are at present only used in laboratory dc amplifiers, where zero adjustments can be made before 
each measurement. 


Inverters of weak dc signals operating with triodes in a switching condition are of considerable interest. In such 
inverters a converting sinusoidal or rectangular voltage is supplied between the base and the emitter or the collector 
of the transistor. And the emitter and collector electrodes are connected to the measured dc signal (see Figure 1a). 
Under the effect of the conversion voltage the base current varies from 0 to ip may. If the input dc voltage is 0 no 
voltage will appear at the output. When a dc voltage is impressed on the input the triode will operate in a switching 
condition, it will be alternately blocked (collector current * 0, collector voltage U.gmaximum), and conducting 
(igg maximum, Ugg ® 0). This will produce at the transistor output a voltage with an almost rectangular waveform 
proportional in amplitude to the dc voltage. If a dipolar conversion voltage is used the inverter will respond to a dc 
voltage of either polarity. 


In this circuit the transistor can be connected either in parallel or in series with the source of the measured 
voltage (transducer). According to this the inverters are divided into those of a parallel and series type. 


The smallest dc voltage which can be converted by means of such inverters is limited by the transistor's resi- 
dual voltage and current parameters (ur, ir), whose value is determined by the intersection point of the transistor output 
characteristic zero branches. The levels of the residual parameters are higher than those of the internal noises of a 
transistor, making the amplifiers which use them less sensitive than balanced or Hall type amplifiers. However, their 
advantages consist in avoiding the necessity of adjusting them during operation, in their high conversion factor, their 
simplicity and easy thermal compensation. 


With a reversed connection of a transistor its residual parameters are smaller than in a normal common emitter 
circuit. For instance, transistors types P13, P14, and P16 have in a normal circuit uy = 3-10 mv, i= 10-20 pa; these 
triodes in a reversed connection have u, = 0.3-0.8 mv and ir = 5-10 wa. Hence, in instrument inverters of small dc 
signals reversed transistor connections should be used. 


In Fig.1,a and b circuits of parallel and series type inverters are shown with their transistors in a reversed con- 
nection. Fig. 1c shows the equivalent circuit of a transistor inverter of a parallel type with its residual parameters. 
In the conducting half-period of the transistor there remain a certain voltage, shown on the equivalent circuit in the 
form of a voltage source uy, and a residual resistance R,. During the blocking half-period, when the transistor internal 
resistance is large (Rs), there will be a residual current, shown on the equivalent circuit in the form of a current gen- 
erator ir. 


The above equivalent circuit only holds for relatively low frequency inversion, since it does not take into con- 
sideration the transistor reactive parameters and, hence , the variation of the conversion with frequency. For inver- 
ters shown in Fig. 1 such an equivalent circuit holds for f, = 0.01 fq (fq is the transistor's limiting frequency with 
respect to &). For instance, for transistors type P13, P14, and P16 f,, does not exceed 10-15 ke. For higher frequencies 
it is necessary to take into consideration variation of transistor parameters with frequency, which makes the computa- 
tion much more complicated. 


Let us now analyze an equivalent circuit for a transistorized inverter®. During the conducting half-period 


*In the experiments for the inverter given below the load resistance, i.e., the input resistance of the amplifier (about 
1300 ohms) is omitted, which, however, does not appreciably affect the accuracy of computations for Rj = 100 ohm 
and Rg > 100 kilohm. 
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the transistor passes a current due to the measured voltage and voltage u,: 


E-+ur 
‘end Re+R+R, ’ (2) 


the voltage across the output of the inverter during the conducting half-period is 


Ee—teng (Re+R) = 
(3) 
(Re+R)Rr +1 Rr/(R-+R)+1 ° 


the voltage across the output of the inverter during the nonconducting half-period is 


Unon (Ret+R), 


providing R. « (Re + R) << Rg. 

The voltage drop at the output of the inverter is 

Out =Unon —4, (Re+R)— 
E. ur 


+1 ° Ry KR-+R)+1’ 
the conversion factor of the circuit is 


— 


U, 1 


Your _ 

Ee ((Re+R)+1 
al 
R, (R-+R)+1 } 


For small values of i, and u, it is possible to consider that the second term in (6) is considerably smaller than | 
the first and thus simplify considerably the formula for the conversion coefficient: 


K, = + 


(6) 


(7) 


In a particular case if R. is small it is possible to consider that 
1 


Rr 41 (8) | 
R 


Ke 


Expressions (5), (6) and (7) thus derived make it possible to judge the basic characteristics of transistorized in - 
verters. It will be seen from (6) that the linearity of conversion is limited by the second term. In order to raise the 
linearity transistors with small parameters (u, i, R), should be used. It follows from (6) and (7) that Ke + 1, Upy, > 
when R, +0 ; and 0, Upyr when +R) +0. Thus for a maximum conversion factor (K.) it is 

necessary to use transistors with a high Rs and a small R,, i. e., transistors of a switching type. It also follows from (7) 

that in order to raise K, one should increase (R,, + R) ; on the other hand it follows from (4) that in raising (R . @ R) the 
residual voltage at the output of the circuit increases during the nonconducting half-period. For instance, if iy = la, 

then for (R, + R) = 100 ohm we obtain (Rc + R)ir = 0.1 mv, for (R, + R) = 500 ohm we have (R, + R)iy = 0.5 mv, and 


for (R, + R) = 1 kilohm we have (R, + R)i, = 1 mv. Thus, for converting dc signals of 0-15 mv the value of (R, + R) 
must be limited to 100-200 ohm, 


It follows from (4) that the residual voltages at the output of the inverter during the nonconducting half-period 
depend on the value of i,. It should be noted that i, rises exponentially with ambient temperature, thus increasing 
disproportionately the residual voltage at the inverter output. In order to decrease the residual voltage (Rc + R)i,, it 


is necessary to connect Rs in parallel with the inverter output (Fig. 2a). _ The equivalent circuit of an inverter with 
a shunting resistor is shown in Fig. 2b. 
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The residual voitage at the output of the inverter will then decrease to 
(R,+R) ir R, 
Re+R+Rs 


(9) 


The residual voltage is equal for R, < (Rc + R) during the nonconducting half-period in (9) to Rip. At the same 
time the use of R, reduces K,; hence the value of R, is chosen in such a manner as toarrive at a compromise between 
reducing the residual voltage and the value of K,. Let us now derive expressions for K, taking into consideration 
the value of R,. 


In the conducting half-period of the transistor we have 


E. (10) 
ur 


(Rs+Rr 


In the nonconducting half-period of the transistor we have 


[Ect+(Re+R) tr] = 


The voltage drop at the inverter output is 
Rs E-t+u, [(R-+R)/R 


™ + 
out” Re+R+Rs (Rr MRe+R)+1 (12) 


+(Re+R) iy 


When R is taken into account the conversion factor becomes 


1 
Re¢ARtRs | Rr ARe+R)+1 

Re+R (13) 
+!) 


+ +(Re+R) 


Ry 


For small values of (u, i, R); it is possible to write (13) as 


Rs 1 
1 (14) 
=——— kK. 
RetR 
Rs 


Expression (14), which shows the relation of the inverter element parameters to K co? can be considered as a basic 
formula for computing a stabilized inverter circuit for a low conversion frequency. The computation of an inverter 
by the above method differs from experimental data (for f, = 50 cps) by no more than 3%, 


The residual transistor parameters in the inverter circuit depend not only on temperature, but also on the ampli - 
tude and frequency of the converting voltage. For instance, if u, is increased by 100% from 0.15 to 0.3 v the residual 
voltage u_ will rise from 1.5 to 3.9 mv, i. €., by 150%, The choice of the converting voltage value is made by means 
of the transistor output characteristics within a given range of measured dc voltages. For measuring thermocouple 
signals (0-15 mv) the converting (supply) voltage in inverters using transistors type P13, P14 and P16 must be 0.25- 
0.3 v (1). 
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The relation between the residual voltage at the out- 
put of the inverter and the frequency of the converting 
voltage is due to the existence of the p-n junction capaci - 
tance, If the inverter is fed with rectangular pulses the 
junction capacitance produces at the output, even for a 
Uj, = 0, peaked signals in the form of differentiated leading 
edges of the conversion voltage. Since the capacitance of 
a blocked junction is larger than that of a conducting junc- 
tion, blocking pulses produce peaks of a larger amplitude. 

If the charging time of the junction capacitance is small ! 
Fig. 2 as compared with the conversion period, the peaks for Ujn= ) 
0 are very short. When the conversion voltage is raised the 
charging time of the junction capacitance becomes com- 
parable to the conversion period and the distortion of the 
zero line increases considerably. This phenomenon limits 
the conversion frequency to the value of 0.01 f g. 


The sensitivity threshold of dc amplifiers can be low- 
ered considerably by using balanced inverters with two tran- 
sistors. The principle of operation of balanced inverters 
consists in connecting the two transistor converting circuits 
in parallel and their measuring circuits in series opposing. 
In such an inverter the transistor residual parameters are 
partly or completely (if they are equal) balanced out. Two 
basic circuits for balanced inverters of a parallel and series 
type are shown in Fig. 3,aand b. Figure 4 shows an equiva- 
lent circuit of a balanced parallel inverter. 


It will be seen from the equivalent circuit that the 


RR residual currents and voltages cancel in a balanced connec- 
tind ii—» tion, but the residual resistances add. Therefore, a balanced 
sie te teen, inverter has smaller values of u, andi, but a larger value | 
TH Rey i of R, than an ordinary inverter. Since the mass-produced 
Wr, 4 ! transistors have a large dispersion in their residual para- 
meters, it is desirable for a full compensation of a balanced 
inverter to select transistors with the same values of u, and 
Yout,, i, or employ circuit compensation. Circuit compensation 
a ee of residual parameters in a balanced inverter can be attained 
Wr, ! by connecting resistor R, in parallel with the transistor. | 
72\ ri Nic, ' Experiments have shown that the optimum values for such | 
2 Se resistors in parallel inverters using transistors type P13, P14 
° 9 and P16 lie in the range of 300-1000 ohm. With an indivi - 
pa dual selection of transistors of the above types a balanced 
inverter can be used for measuring dc voltages from 0.1 
Fig. 4 mv upwards (with a ratio of the effective to the residual 


voltage of the order of 2.5). When compensating resistors 

are used a rise in the ambient temperature up to 50°C does 
not produce a noticeable increase in the residual voltage at the output of the inverters. If such resistances are not 
used, the temperature compensation of balanced inverters will only be reliable for transistors with extremely close 
values of residual parameters. In certain transistors with equal residual parameters at room temperature a difference 
of 20% may arise in these parameters at a temperature of 50°C. 


Figure 5 shows a schematic of a dc amplifier for the range of 0-50 mv with a balanced inverter of a parallel 
type using P13 transistors(T1 and T2). The basic error of the amplifier is about 1%, Additional errors due to variations 
in the nominal supply voltage of -15 to +10% and in the ambient temperature from 15 to 50°C do not exceed 2.5%, 
The residual voltage referred to the input amounts to less than 0.3 mv, the total drift of the amplifier referred to the 
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input is 0.3 mv (for 8 hr). The source of the converting voltage consists of a balanced multivibrator using transistors 
type P13 (T3, T4) with an additional matching stage (T5). The frequency of conversion may vary in the range of 1- 

4 kc, thus making it possible to use the amplifier for signals with relatively high speed variations. The ac voltage is 
amplified in a four stage amplifier using transistors P14(T6-T8 and T9) with each stage provided with a combined 
series-parallel negative feedback. The output rectifier consists of silicon diodes type 206A. The amplifier as a whole 
has a negative feedback with a factor of 0.2. Its output voltage amounts to 0.3-5 v. 


Uc 
Fig. 6 


Figure 6 shows a circuit for an amplifier of slowly changing dc signals (from thermocouples) in the range of 
0-15 mv. The mains 50 cps voltage is used here for conversion purposes. The input inverter is of a parallel type with 
a P16 transistor (T1). The ac amplifier has five stages and uses transistors types P16(T2-T4 and T5 and T6). The 
preamplifying stages have a direct parallel feedback; the output stages use a common collector circuit for matching 
to the output integrator. The total drain of the amplifier from the source amounts to 50 ma. Its output current into 
a load of 1 kilohm is 5 ma. The ac amplifier is connected to a transistor phase -sensitive converter (T7) and an inte- 
grator. The basic error of the amplifier is 0.5%, The additional errors due to variations of the supply voltage from 
-15 to +10%, of the ambient temperature in the range of 10-50°C, of the converting voltage from -15 to +20%, and 
of the load in the range of 800-1200 ohm, do not exceed 1.5%, Its feedback factor is 0.05. The laboratory model of 
this amplifier is mounted in a cabinet measuring 15 X 20 X 20 cm. The total amplifier drift referred to its input 
does not exceed 0.1 mv during 8 hr. 
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LOW-INDUCTION THREE-PHASE WATTMETER 
FOR COMMERCIAL AND HIGHER FREQUENCIFS 


V. S. Popov and Yu. A. Mal'tsev 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 40-43, March, 1961 


In the Electrochemical Institute of the USSR Academy of Sciences the authors developed a multirange low-in- 
duction wattmeter for the range of 50-2000 cps for measuring power by the equal temperature method [1]. 


In the above method of measurement the thermal effect which is proportional to the measured power is com- 


pared with a similar thermal effect produced by a direct current. The equality of powers is gauged by the equality 
of temperatures. 


The balance is indicated by two metallic heated resistors (Ry and R,) placed in air, each having three electric- 
ally insulated heaters. The characteristics of the heater resistors are similar but can be of an arbitrary type. The 
measuring process is carried out by means of three heaters of the second heated resistor (R,) and two heaters of the 
first resistor (Ry); the third heater is only required for constructional symmetry and serves as a spare. 


Let us now determine the conditions under which the heated resistor with several electrically insulated heaters 
will be equally sensitive to the power dissipated in any of them, including the power dissipated in the corresponding 
control resistors of the heaters. 


Let us assume that in a heated resistor with several heaters the ohm-ampere characteristics R =F (1) have a 
difference n expressed in terms of the resistance increment above its value ata nominal heating current. The above 
value can be reduced to m if the heaters are shunted by resistors and it is assumed that current I is the total current 
before it divides. Theresistances of the two branches, as a rule, are not equal, and therefore the heated resistance 
possesses a different sensitivity with respect to the voltage at the branching. 


If the building-out resistance is connected in series with the two branches and the heater circuit resistances 
are equalized, the relative deviation of the volt-ohm characteristics of heated resistors R=F (U} will also be equal 
tom. Voltage U represents the total voltage across the building-out resistor and the branching. It is obvious that 
the relative deviation of the heater resistance characteristic R=F(P), where P = UI, willin this case also be equal to m. 
In fact, if the maximum absolute deviation of the ohm-ampere characteristics of the heater resistances is equal to J 
ohm and occurs at a current I= I; and a voltage U=U,, the maximum absolute deviation of the ohm-watt character- 
istics will occur at the power of Py =U,T, and will also be equal to ! ohm. Considering that it is possible to provide 
an equality of the heater circuit resistances with high precision, the relative deviation in the ohm-watt characteristics 
of the heater resistances will in practice be equal to the relative deviation of their ohm-ampere characteristics. 


The conditions for which two different heater resistors have equal ohm-watt characteristics are wholly identical. 


The heater resistances differ considerably from each other in their value; therefore the difference in their ohm- 
watt characteristics is relatively large. However, the temperature of the heater resistances has the same relation to 
the power dissipated in their heater circuits. The deviation of these characteristics is equivalent to that of ohm-watt 
or ohm-ampere characteristics of one heated resistor with several heaters. 


In heated resistors of the IEM type deviations in ohm-ampere characteristics with a shunt do not exceed m= 


0.02-0,03%, and without a shunt n = 0,30-0.35%, For relatively rough measurements heaters need not be shunted, 
but heater building-out resistances remain necessary. 


The wattmeter we have developed consists of two single-phase converters and a measuring bridge with auto- 
matic balancing. The converters are connected in a two-wattmeter circuit (Fig. 1). Each converter consists of a 
voltage transformer, a shunt and two heaters. 


By means of adjustable building-out resistors in the heaters (not shown in Fig. 1) the following condition can be 
met: 
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and through heater 3 a current equal to 
(Se _RsR_ ) 
2k 


In the second converter the current flowing through heater 2 will similarly be equal to 


i; +i 


R 
R\ 2k 2Rs+R 


and through heater 4 it will be equal to 


RsR 
= —(— 


where Ugh, Uch, ig and ic are the linear voltages and currents; k is the transformer ratio; Ry is the resistance of the 
shunt. 


The mean powers dissipated in resistances RLT, RHE. RgT and RFE amount respectively to 


RsR 
+e OR, +R 


“Qk © 2Rs +R 


where T is the period of the alternating current. 


The difference of powers (P; +P2)-(Ps3+P4) is directly proportional to the mean value of the measured power P, : 


r 
2R 
(Py +Py—-(B +P,)= J 
(1) 


Py 


= =h,P,, 
R(2R, +R) ' 


k(2R,+R)° 


The above expression does not depend on the nature of the heater resistances, hence not on their construction, 
their properties or the composition of the surrounding medium, etc. 


The difference of powers (P; +P2)-(P3+P,4) can be measured by a balancing method. For this purpose heater re- 
sistor Rp, whose temperature during measurements is lower than that of resistor Ry, is provided with an additional 
heater 5. For a certain value of the current flowing through the additional heater the temperature of both hater 
resistors. will be equal; at the same time their total powers dissipated in the heater and additional resistors of the 
first and second heated resistances will be equal. Hence, Paq= kyP,, where Pag is the power dissipated in heater 5 
and in its building-out adjustable resistor. 
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. Through heater 1 of the first converter a current will flow equal to 
1/a R, R 
R\ 2k 2Rs+R 
RsR 
Py= — +i. ft: 
1 R \ 
TR 2k 2R, +R 
T 
1 R,R_\* 
P=a— 
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the 


Hence voltage Ugq across heater 5 and its building-out resistor will be equal to 


Uag= Vead (Rit R’) = V (Rit R’), 
where R;, is the heater resistance; R' is the building-out resistor. 


Since the heater circuit resistances in resistors Ry and R, must be equal, the value of R’ will amount to 


R'=R- Rp. 


Hence, the voltage drop across the additional heater will be equal to | 
(2) 
Usd V k, RP,=c V P,, 
where c is a constant. 


It will be seen from (2) that the voltage across the heater is directly proportional to the square root of the mea- 
sured power. 


The coefficient of proportionality c of the wattmeter can be taken care of in calibration. Thus, it is not nec- 
essary to have a building-out resistance for heater 5. 


Similar results can be obtained if current, instead of volt- 
age, is taken as the output parameter of the wattmeter. The pos- 


a 

b sibility of dispensing withthe building-out resistor in this case is 

obvious. 
4 


6 The heater resistors Ry and R, are connected into two adja - 

|» cent arms of the measuring bridge, which is fed from an auxiliary | 

Rg | source of alternating current. The additional heater 5 is connected 
into the bridge diagonal through an amplifier. The measured 

= power unbalances the bridge. The unbalanced voltage amplified 

- by the amplifier feeds the additional heater and tends to balance 


2 the bridge. In a steady state condition the bridge imbalance will | 
It, uw. be determined by the statics in the system, which can be made | 
» sufficiently small. 
ye Let us now examine the requirements for separate elements | 
> > of the wattmeter. 
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Heater resistors, developed at the Electromechanical Insti - 
tute of the USSR Academy of Sciences, consist of a platinum 
__| helix wound over three nichrome heaters placed side by side. 
Fig. 1 Each heater is covered with a glass insulating tube. 


The time constant of the heater resistors used in the instru- 
ment amounts to 0.8-0.9 sec. 


The diameter of a nichrome wire is 20 w. An increase in the size of the diameter raises the inertia of the 
heater resistor, whereas its decrease worsens the vibration- and shockproof properties of the resistor. The diameter of 
the platinum wire is 184. The thickness of the glass insulating tube does not exceed 15 w. The break-through volt- 
age between the heaters amounts to 320-350 v (Umax = 450 - 500 v). The heater resistance is 45-50 ohm. Helix 
resistance at t = 20°C is approximately 20 ohm. The heater resistors are placed in pairs in a nonvacuum brass bulb, 
which serves to protect them from mechanical damage. 


Voltage transformers are designed for the primary voltage of 220 v and a secondary voltage of 6 v. The sec- 
ondary voltage is provided with a center tap for connection to the shunts. 


With a rising frequency the phase difference between the measured voltage and current in the heater increases | 
owing to the phase error in the transformers. In order to compensate for this error building-out resistor r is connected 
in series with each heater, and shunted by a capacitance (Fig. 2). As a result of this the angular error of the wattmeter 
has been reduced to 0.0015 rad in the range of 50-2000 cps. 
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Shunts. The wattmeter has four current measuring ranges (5, 1, 0.5 and 0.25 amp), and four pairs of shunts for 


them. For a nominal current the voltage drop across each shunt amounts to 0.8 v. The shunts are switched by means 
of a special switch whose contact resistance is small and stable. 


Amplifier and phase-sensitive rectifier. The amplifier has three stages. The first two stages consist of 6N2P 


tubes, and the third of a 6P1P tube. In order to raise its gain stability the output stage has an internal feedback. 


The phase-sensitive rectifier consists of a controlled transistor P-4 and two rectifiers type DGTs. One of the 
rectifiers is connected in series with the collector of the transistor and the other shunts the output transformer winding 
during the half-period when the controlled transistor is blocked. Control of the transistor,and supplies to the bridge 
and the amplifier, are obtained from the same transformer. 


Let us now examine the wattmeter errors. An analysis of the operation of a bridge with heater resistors shows 
that the relative errors due to variations in the bridge supply voltage, in the gain of the amplifier and in its output 
impedance are inversely proportional to the system's amplification factor K [2]. For large values of K oscillations 
arise in the system, The wattmeter has a K » 30 and its errors do not exceed 0.3-0,6%, 


During measurements the heater resistors are balanced, i. e., their temperatures are equal. Variations in the 
ambient temperature affect in the same way both heater resistors without unbalancing the bridge or influencing the 


measurement results. 


According to the tests carried out by us the temperature error of the converter is negative and amounts to 0.4% 


for temperature variations of 10°C. The temperature error is due to variations in the resistances of heaters, transformer 
windings and rectifiers. It can be easily compensated by winding part of the resistance Ry with copper wire. 


At higher frequencies the transformer phase errors begin to vary. Thus, additional errors arise due to variations 
in the power factor. In wattmeters covering a range of 50-2000 cps the maximum phase error in transformers, and 
hence the maximum frequency error, occur at the commercial frequency. According to the tests carried out the rel- 
ative referred wattmeter error due to the power factor effect at the commercial frequency does not exceed 1% when 


nominally cos ¢=0,15. 


The error due to voltage variation in the measured power circuit depends on the amplification of the system 
and drops with the rise of gain. The maximum referred error for a voltage variation of 20% amounts to 0.8%, 


The rise in the heater resistances with a rising measured 
power for a nominal voltage and a cos ¢=1.0 is taken care 
of in calibration. The error due to the variation in the heater 
resistance as a result of the measured power changes and of 
variations in the power factor does not exceed, according to 
calculations, 0.3%, 


The measured power can be checked by measuring the cur- 
rent in the additional heater or the voltage drop across it. In 
our instrument this is achieved by means of an incorporated 
grade 1.0 millivoltmeter, which is connected in parallel with 
the heater. The front panel of the set is provided with termin- 
als for connecting a more accurate instrument to measure the 
voltage drop across the heater. The wattmeter is calibrated 

at the commercial frequency. 


Main technical characteristics of the wattmeter, Accuracy 
grade 1.5 (with a grade 0.5 millivoltmeter) ; damping time 
4.0 sec; effective frequency range 50-2000 cps; nominal pow- 
er factors1.00-0,.50-0.15; nominal voltage 220 v; nominal 
currents 5,0-1.0-0.5-0.25 amp; nominal voltage drop across 
the shunts 0.8 v; the current in the wattmeter parallel circuits 
does not exceed 2 ma. 


The wattmeter consists of a compensating (balanced) sys- 
tem and can be used as a transmitting device for remote 
measurement of power. 
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ATTACHMENT TO THREE-PHASE INSTALLATIONS 


V. S. Sheiko and P. I. Vikulin 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 44, March, 1961 


The above attachment consists of a commutating device by means of which it is possible rapidly to obtain any 
wattmeter connecting system for checking electricity meters. Three-phase installations made by the “fralon” and 
“Vibrator” Plants, as well as installations of earlier types, have no special switch for connecting wattmeters for differ - 
ent test procedures without reconnecting the conductors on the instrument terminals. At the same time the experience 
of working with three-phase installations types PTU-1 and PTU -2 made by the Repair and Experimental Shop of the 


All-Union Scientific Research Institute of the Committee of Standards, Measures, and Measuring Instruments has 
shown the great advantages of using such a switch. | 


A wattmeter circuit switch makes the work of state in- 
spectors considerably easier, eliminates errors in assembling 
circuits, and saves time which is normally required for the 
assembly. 


Ran 
— switch On the authors’ suggestion the Committee's Research 

34 , T Institute has developed and made a device for switching watt- 

Ge meter circuits (Fig. 1) made in the form of a separate attach- 
ment measuring 140 230 x 50 mm, and weighing 1 kg, 
which can be easily used with any three-phase installation by : 
simply connecting it to the set terminals. The wattmeters 
and multiplying resistors are connected to the appropriate ter- 

mI minals on the attachment (Fig. 2). 
uF For ease in operation, in order to eliminate completely 
338 any switching on the wattmeters themselves, the attachments | 
are also supplied with wattmeter range and polarity switches. 
By means of this attachment it is possible to obtain 
Circuit Range oo five principal wattmeter connection circuits (Fig. 3): 
switch switch — the set a) a circuit for measuring power by means of two watt- 
Polarity — meters in phases 1-2; 
switch 


~ _ b) same, but with wattmeters connected to phases 1-3; 


eeee 9000 2008 


c) 4 circuit used in checking four-conductor electricity 
power meters connected to phases 1, 2, 3; 


d) 4 circuit used for checking wattless power electrici - 
7 ty meters with three series windings connected to phases 1, 2, 
multiplying resistors 3; 


Fig. 2. e) 4 circuit for measuring wattless power by means of 
two wattmeters in checking reactive electricity meters with a 
60° phase shift. 
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The above attachment should find a sphere of application both in state inspection laboratories for measurement 
equipment and in electricity meter repair workshops of the service inspection area laboratories and other organizations 
which have three-phase installations. It is therefore advisable to organize mass production of these attachments. 
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HIGH AND ULTRAHIGH FREQUENCY MEASUREMENTS 


WORKING CHARACTERISTICS OF THERMISTORS SUBJECTED 
TO UHF SIGNAL PULSES 


V. D. Frumkin 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 45-51, March, 1961 


The application of thermistors for measuring the mean power of UHF signal pulses is based on the conception of 
a thermistor as an inertial element whose resistance does not depend on the instantaneous power value of relatively 
rapid processes, but is only determined by the mean power of the signal. Moreover, it is assumed that the thermistor 
does not react to the electric field of a relatively high intensity developed in it during the action of the pulse. These 
assumptions are the basis for measuring the mean power of a UHF signal pulse without any limitations regarding the 
parameters of the signal envelope, and without consideration of additional errors due to operation conditions. 


The only instrument known to us with a specified limitation is the widely used type VIM-1 power meter. The 
specifications for this instrument provide a maximum pulse power of 6 w for its thermistor heads. However, the study 
of this instrument has shown that the above limitation is not based on the characteristics of the thermistor operation or 


those of the bridge, and in some instances does not protect the instrument and in others unreasonably limits its applica- 
tion. 


A study of the behavior of thermistors fed by a current of several kc has shown that they behave under these 
conditions as elements possessing a small inertia due to which they distort the waveform of the voltage across the 
thermistor when fed with a purely sinusoidal current, produce a phase-shift between the voltage and the current, etc. 


It is natural to assume, therefore, that the application of a UHF signal of varying intensity to the thermistor 


will produce variations in the thermistor resistance, which may in turn lead to measurement errors in the same manner 
as occurs in low-inertia bolometers [1]. 


It has been established experimentally that in measuring the mean power of a UHF signal pulse additional errors 
arise, which in many instances exceed the basic error of the instrument [2]. This is confirmed by the fact that the re- 
sponse of thermistors to pulsed UHF signals is essentially different from their response to unmodulated signals. In order 


to avoid gross miscalculations in designing thermistor measuring devices it is absolutely essential to know the behavior 
of thermistors under the effect of UHF signal pulses. 


Pulsating temperature. M. V. Abrosimov and L. A. Lyubimov were the first to note that the current density along 
the cross section of a thermistor lead is not uniform. In fact the current flows only through an extremely small part 
of the bead and the whole of the power is dissipated in that small part, which M. V. Abrosimov calls the power con- 
centration zone. This idea proved to be fruitful and provided a satisfactory explanation of the behavior of a ther- 


mistor fed by audio-frequency currents, L. A. Lyubimov explains the current concentration by the thermistor config - 
uration and its nonuniform structure. 


On the basis of a qualitative analysis of the process of current stabilization along the cross section of a thermis- 
tor M. V. Abrosimov rightly noted that with a negative resistance temperature coefficient a balance will be attained 


with a nonuniform current distribution along the cross section of the thermistor, and came to the conclusion that this 
was the main reason for the current concentration. 


Although a qualitative examination confirms the existence of current concentration, it does not throw any light 


on the quantitative aspect of the problem, i. e.,on the degree of current concentration due to the negative tempera- 
ture coefficient. 


We have made a rigorous computation of the nonuniform current density along the cross section of a cylindri- 
cal thermistor under the following conditions; a) the thermistor length is sufficiently greater than its radius to be able 
to neglect thermal conduction along its axis; b) the thermistor is fed from a current source and hence the power dis- 
sipated in the therrnistor is limited, and the temperature in any part of its cross section cannot attain infinity; c) the 
conductance temperature coefficient does not depend on temperature. 
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The latter assumption does not contradict the physical meaning of the problem and can only lead to an exagger- 
ated evaluation of the degree of current concentration. 


With the above assumptions the thermal equilibrium equation and the limiting conditions will be written in 


the form aT 1 aT 1 (1) 
dr* 


(2) 


where T is the temperature; % is the thermal conductivity factor; a is the thermistor radius; h is the heat exchange 


factor; T., is the ambient temperature ; F= OE? is the density of thermal sources; © is the conductance; E is the 
electrical field. 


The solution of (1) which does not become infinite at any point of the cross section can be represented, taking 
condition (2) into consideration, by the formula 


T=T,.+ !o(pr) 
I(pa)— 1, (pa) 


(3) 


where & is the conductance temperature coefficient; 


p=E 


©» is the thermistor conductance at ambient temperature; kh and I, are Bessel functions of the zero and first order 
respectively. 


The maximum ratio of current densities along the cross section of a thermistor with parameters similar to those 
of type TSh-2 thermistor was calculated from (3). 


This ratio proved to be smaller than (1), i. e., the current concentration due to a negative temperature coeffi - 
cient proved to be insignificant. 


Current concentration depends to a much greater extent on the configuration of the thermistor. Thus, for in - 
stance, a conducting sphere with lead-out conductors at the poles has a ratio of current densities at the center and at 
the periphery of an equatorial cross section greater than 2, without taking into consideration the effect of a negative 
temperature coefficient. 


If it is taken into account that in an actual thermistor bead the lead-out conductors are taken to a considerable 
depth inside the sphere, it becomes clear that the configuration characteristics of the thermistor constitute the main 
reason for the current concentration. 


In our further analysis of the thermistor operation in a pulsed condition we shall assume that practically the 
whole of the power fed to the thermistor by the initial heating current and by the ultrahigh frequency current is con- 
centrated in a relatively small portion of the thermistor, which we shall call the active zone, and that the remaining 
mass serves only for the conduction of heat. Conclusions arrived at on the basis of such a theoretical analysis agree 
well with the experimental data. 


Let us first examine the heat conduction process of short periodic heat pulses produced by a point source in an 
infinite homogeneous isotropic space which possesses the parameters of a semiconductor. The solution of such a prob- 
lem provides a good idea of the nature of the heat exchange process inside a semiconductor bead and provides correct 
premises for the solution of subsequent problems. 


The thermal equilibrium equation for the above case has the form 
oT x F (4) 
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where ¢ is the time; c is the specific heat of the semiconductor; p is semiconductor density; and A is the Laplace 
operator. 


If a point source is used, F = © at the point where the source is placed, and F =0 at all other points in space. 


For points outside the source, (4) assumes the form 


x ot 


In order to evaluate the source let us surround it with a sphere of radius r and calculate the total heat flow 


passing through the sphere per unit of time. It is obvious that for r-+0 this flow will be equal to the power of the 
source, i. e., 


lim (6) | 


where g=—RATis the flow through a unit surface; ds is a surface element; and P (t) is the power of the source. 4 


In this formula and subsequently the measured pulsed power is considered as the power of the source. The heating 
power produces a stationary heat flow which is of no interest to us in this analysis. 


Function P (t) is expressed in the following manner: for the duration of the pulse (ntc = t= nt, + ty) 


P(t) = P; (Ta) 
for the interval between pulses 


(nt.+tp<t< [a+1] t,), P(t)=0, (7b) 
where tp is the duration of the pulse; t, is the duration of the whole period; and n=0, 1, 2, 3 


Considering that the space is homogeneous and isotropic, and that we are dealing with a symmetrical sphere, 
it is possible to transform (5) and condition (6) to the form 
er _ 
Or x (8) 


oT 
x =P (9) 


By solving (8) with the help of (9) we obtain 


P 1 


where © is the angular pulse repetition frequency; and Gp = VOncp/2% is the propagation constant. 


Expression (10) shows that heat propagation from a point source has the characteristic of a wave. The propa- 
gation constant indicates both the phase shift of the temperature wave and its attenuation expressed in nepers. Since 
a, rises proportionately to Vn, the attenuation increases for higher harmonics. 


At a frequency of 50 cps &, = 160 nepers/cm for the semiconductor parameters of % = 2- 107 w/deg-cm; c= 
0.8 joule/g-deg; and p=4 g/cm’. 


If the radius of a thermistor bead is assumed to be 0.15 mm, the temperature wave on reaching the surface of 
the bead will be attenuated approximately by a factor of 11. 


It is obvious that in such a case the conditions at the surface of the bead will have practically no effect on the 
heat exchange between the region where the power is produced and the remaining mass of the semiconductor. 


For the above solution it is possible to arrive at an important conclusion, that in the case of a concentrated 
power being periodically dissipated by short pulses in a relatively small portion of a semiconductor bead, the heat 
exchange for a duration of the order of a pulse repetition period can be considered as a heat exchange between the 


igger- 
| 
c oT 
ange 
e 
ing 
| 
2 
| 
| 
| 
| 
231 


whole with the surrounding medium. 


The solution of this problem by assuming that the heat is produced at one point obviously does not provide any 
information on the law of temperature changes in the active zone of the thermistor. This information, however, is 


indispensable since we assumed that the entire direct current passes through this zone and since we are interested in 
the thermistor resistance variations due to this current. 


of bead 


Heat-conducting 
zone of bead 


el of a semiconductor bead. 


form: 
for the duration of a pulse 


for an interval between pulses 


gent 


——t 


Fig. 2. Relation between the thermistor 
resistance and time, calculated from (21). 


active region of the thermistor and its remaining mass, without taking into account the conditions at the surface of 
the bead. Naturally, the time constant of such a heat exchange will be considerably smaller than that of a bead as a 


In order to obtain this information it is necessary to solve the problem of 
Active zone the heat exchange between the active zone and the surrounding mass of the ther- 
mistor, taking into account the finite dimensions of the zone. 


We shall make our computations for an idealized physical model (Fig. 1) 
of the bead with respect to which we shall make the following simplifying assump- 
Fig. 1. Idealized physical mod- tions : the entire power sransmitted to the thermistor by the UHF pulse signal is 

dissipated in the active zone uniformly with respect to its volume; the temperature 

of the whole active zone at each instant is the same; the specific heat of the zone 
and its heat-transfer coefficient to the surrounding mass of the thermistor do not 
depend on temperature; the heat dissipation through the current conductors is negligibly small; the boundary condi - 
tions at the surface of the bead do not affect the nature of the heat exchange, i. e., the heat dissipation is the same 
as it would be in an infinite space possessing the parameters of a semiconductor. 


The heat equilibrium equation will then be 


where C is the thermal capacity of the zone; K is the heat-transfer coefficient; © is the temperature variation ; P(t) 
is the measured power as given in(7a and 7b). The solution of (11) for a steady state condition with t -» ~ has the 


(11) 


d8 


(nt,.<t< 


(nt,+t <t< [n+1) te) 


* 


In (12) and (13) @&, =P/K is the temperature increment which 
would have existed in the concentration zone if power P were dissipated 
continuously, and 7=C/K is the heat-exchange time constant. 


Tests have shown that for various thermistors 7 is of the order of 
several tens or hundreds of microseconds. Since the duration of the 
measured pulses does not as a rule exceed 10 msec, and the pulse re- 
petition period is of the order of a few units or tenths of milliseconds, 
the following relation holds in the majority of practical cases: 


tp <0, 1t ; t<0.1t,., (14) 


= 
C— +K0=P(t), 
dt 
* 
t 
* 
(13) 
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The temperature increment during the operation of the pulse is 


(17) 
€ 


where Wp is the energy contained in one pulse. 


Expressions (15) and (16) have a simple physical meaning. In fact, for such 
s a short time interval as the duration of a pulse as compared with the time constant, ‘ 
only an insignificant fraction of the energy dissipated in the active zone will be ‘ 
Yee transmitted to the surrounding medium. In such a case the tise of temperature for ) 
a constant power will follow a linear law. The rate of temperature rise is inversely 
proportional to the specific heat of the heated object. For the duration of the pulse 
b a ans a the temperature increment is equal to the energy dissipated in that time divided 
by the thermal capacity (17). Formula (16) represents the fact that the active zone, 


Fig. 3. Oscillograms of a ther- having reached in time tp a temperature of 6 p, cools in the intervals between pul- 
mistor dc resistance pulsation ses according to an exponential law with a time constant of 7. . 
ere tt grag The absolute temperature of a thermistor active zone heated by dc pulsed 
signal,tp = sec and F = 450 
signals can be expressed as a sum of two components, one of which does and the 
0 other does not depend on time: 
in the interval between pulses. ’ 


T, (Q=Tot+ t (nt, (18) 
Pp 
T3(Q=TMo+Ope * (19) 


In these expressions 
Py Pt i t 


where Pp is the thermistor dc heating power; and A is the heat-transfer coefficient of the thermistor as a whole to the / 
surrounding medium. 


Since in practice all the current which heats the thermistor is concentrated in the active zone, the dc thermis- 
tor resistance can be represented by the expression 


R(H=Rie (21) 


where Re and B are the thermistor parameters, and T(t) is determined from (18) and (19). 


The relationship of R(t) is shown in Figure 2. 


It will be seen from the oscillogram (Fig.3) that the calculated and experimental laws of the thermistor resist- 
ance pulsations are in good agreement. The difference between the two during the pulse operation consists, in addi - 
tion to a gradual decrease of the resistance, in an effect which coincides with the leading edge of the pulse and dis- 
appears at the end of the pulse. This effect will be explained below. 


The completion of the cooling process in a time which in practice is shorter than the pulse repetition period 
indicates the small time constant of the process. 


and with an error of the second order of magnitude (12) and (13) can be expressed in the form 4 
Pp 
15 
(15) | 
t—t 
ao. 
6,<0,22 e Ptp e * (16) 
t | 
®p= 
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The amplitude of resistance pulsations and the time constant for different beads and different types of thermis - 
tors may differ considerably with the same signal parameters. 


For cylindrical thermistors, for instance of the TSh-2 type, the amplitude of resistance pulsations will amount, 
with the remaining conditions unchanged, to a few tenths of that produced in bead thermistors, thus indicating a con- 
siderably larger active zone volume in thermistors of a cylindrical type: Such essential differences are due to the con- 
figuration of the thermistor volume and the construction of its lead-out conductors. 


The maximum variation of the thermistor resistance in a general case is represented by expression 


4Ry =R(0)-R (t)=R (t)—R (22) 


However, for small variations of temperature it is possible to assume the maximum resistance variation to be 
proportional to the maximum temperature change, i. e., 


SR, =a, (23) 


where %g is the relative temperature sensitivity of the thermistor, and Rg is the de thermistor resistance, 


If the thermal capacity of the zone is expressed by means of its volume Vz, the semiconductor density p and 
its specific heat c, it is possible to obtain from (17) the expression 


Rod, Pty (24) 
4R, = 


With the knowledge of the semiconductor and signal parameters it is easy to determine V, if ARg is measured. 


ARg was measured on an oscillograph which was calibrated for amplitude deviations of resistance pulsations in 
a thermistor connected to the arm of a dc-fed bridge. 


The volume of the active zone was evaluated in 8 thermistors type T9 as 0.5°10°* to 0.08-10°* cm’, which 
for a bead diameter of 300 amounted to 1/39 to 1/200 of the bead volume. The relatively small volume of the 
zone thus obtained justified the assumptions made at the beginning of this computation. 


Effect of the high-frequency field strength on the thermistor. Variations in conductivity. In the majority of 
bead-type thermistors one observes during the operation of a pulse, in addition to a gradual reduction of resistance 
due to a rising temperature in the active zone, also an instantaneous variation of resistance practically coinciding 
with the leading edge of the pulse (Fig. 3), a variation which cannot be due to heat processes. 


In order to explain this phenomenon it is necessary to examine the theory of semiconductors. 


It is known from the physics of semiconductors that as long as the incremental 
‘ velocity Av, acquired from an electric field E by an electron over the length of its 
J free path, is small as compared with the velocity V of the electron's thermal move- 
a. ment, the duration t¢ of its free path does not depend on the electric field strength. 
> 


The velocity increment during the time of the free path is 


= te. (25) 
0 m 


Fig. 4. Pool’s law graph. Since t, does not depend on E, the electron mobility 


Av e 


does not depend on E either. 


The current density is 


j=neUVE= cE, (27) 


where n is the current carriers’ concentration; e is the electron charge; and o is the semiconductor conductance. 
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Thus, the conductance does not depend on the field strength, and the current density is proportional to it as 
long as 4 v<<v and the current carriers’ concentration is constant, i. e., under those conditions the semiconductor 
follows Ohm's law. It is also naturally assumed that the semiconductor temperature does not vary with the electric 
field strength. Deviations from Ohm's law can occur at such low field strengths as 10°-10° v/cm. The nature of 


these deviations depends both on the type of semiconductor and on the presence of impurities. At a field strength of 
the order of 10*-10" v/cm the conductivity begins to rise according to Pool's law: 


(28) 


The meaning of the parameters o), ¢ and E, is made clear in 


AR Fig. 4. The voltage across the thermistor at the instant a pulse acts on 
jus oo ‘ it may reach a value of the order of several tens of volts. Since the dis- 
tance between the conductors inserted into the bead is of the order of 
ee sto er 0.1 mm or less, and the field between them is nonuniform, one should 
nn expect a field strength attaining values for which Pool's law is applicable. 
Computations made on the basis of these assumptions lead to the 
wa following relation between the dc thermistor resistance due to the effect 
= | io ns of a high field strength and the applied UHF power: 
0 n ) PL P 


Fig. 5. Relation of ARp to P calculated 


P 
from (29). o-points obtained experimen- where Ry is the thermistor resistance, and ky, Up and Py, are constants 


tally. Figure 5 shows the graph of the relation between ARp and P for 


two thermistors type T9, calculated from (29). (The constants were de- 
termined experimentally.) The same graph shows experimentally obtained points. It will be seen from Fig. 5 that 
the agreement between the theoretical and experimental data is good. 


It should be noted that the resistance pulsations due to a high field strength are only characteristic for bead ther- 
mistors. In thermistors type TSh, whose lead-in conductors are spaced at 1 mm, the above effect was not observed. 


Irreversible thermistor parameter changes (breakdowns). When a sufficiently high voltage is applied to a ther- 
mistor irreversible changes are observed in its parameters in addition to pulsations of its resistance. In the majority 
of cases a breakdown of the thermistor is accompanied by a rise in the power required to raise its resistance to a given 
value. Moreover, after a breakdown a drop in the amplitude of resistance pulsations is observed for the same pulse 


power and energy, as well as a variation in the UHF thermistor impedance for the same dc resistance. The above 
was ascertained by means of the following experiment. 


A thermistor cell was matched to a UHF line for an unmodulated signal up to a voltage standing wave ratio 
= 1.05. Next a pulsed UHF signal was fed to the line and its power was gradually raised until the thermistor break - 
down (the breakdown was judged by a sharp deflection on the automatic power meter). Next, the voltage standing 


wave ratio was again measured for the same value of the dc thermistor resistance. After the breakdown the standing 
wave ratio rose to a value of the order of 1.5-2. 


If the pulse power is raised above a certain limit for the same mean power the thermistor breaks down com- 


pletely. In the majority of cases a sharp rise in the thermistor resistance up to several tens of kilohms is observed, 
but sometimes the lead-in conductors are shorted. 


The value of the pulse power for which an irreversible change in the thermistor parameters occurs varies a- 


mong individual thermistors and thermistor types. Thus, for bead thermistors it is in the range of 0.5-20 w, and for 
rod-type thermistors it is between 50 and 200 w. 


Conclusions. The study of the thermistor characteristics under the effect of pulsed UHF signals has shown that 
under these conditions a thermistor behaves as a body with a small thermal time constant (of the order of tens or hun- 


dreds of microseconds), as the result of which the temperature of the thermistor (to be more precise,of its active zone) 
pulsates at the UHF pulse repetition frequency. 
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it has been established that the conductivity of a thermistor changes almost instantaneously under the effect of 
a relatively high voltage arising across it due to the action of a UHF pulse. The two phenomena lead to the thermis- 
tor resistance pulsating at the pulse repetition frequency of the signal. 


The thermistors possess a limited electric stability and may change their parameters and even fail completely 


under the effect of UHF pulsed signals, although the mean power for the period of their action on the thermistors may 
be well below the overheating danger point. 


The experimental study of various UHF thermistor types has shown that they can be divided by their reactions 
to a pulsed signal into two groups. Spherical bead thermistors with inserted lead-out conductors have a considerably 
lower electrical strength, and for the same pulsation conditions their resistance is tens of times higher than that of 
cylindrical thermistors with lead-in conductors to their butt ends (rod-type thermistors), 


Such a difference is mainly due to the larger distance between the conductors of rod-type thermistors as com- 
pared with the bead type, thus providing a considerably smaller electric field strength, and to the shape of the ther- 
mistor and the greater spacing of its conductors, which increase substantially the active zone. 


In designing and using thermistor power meters intended for measuring the mean power of a pulsed signal, the 
peculiarities of thermistor operation under such conditions must be taken into account, since the additional measure- 
ment errors may otherwise become excessively large. The importance of a careful consideration of these peculiar - 
ities is shown, for instance, by the fact that in the widely used VIM-1 power meter even small resistance pulsations, 
characteristic for rod-type TSh-2 thermistors, provide additional errors which in many cases are almost twice as large 
as the basic error of measurement. For such applications bead-type thermistors are altogether unsuitable. For instance, 
the use of such thermistors in substitution-type dc bridges for measuring the mean power of a pulsed signal may lead 
to errors of tens of percent [2]. It should be noted that the same bridges with thermistors of the TSh-2 or similar types 


have no additional errors as long as the pulse power does not attain values of the order of 100 w at which these ther- 
mistors break down. 
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LOW-VALUE UHF FILM RESISTORS 


G. M. Strizhkov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 51-53 , March, 1961 


For,certain UHF measurements it is necessary to have low-value nonreactive resistors. It has been shown in [1] 
that film resistors in the shape of thin discs have a low reactance. The same work gives an expression for a trans- 


fer impedance of a coaxial line segment with a metallic diaphragm of thickness d placed perpendicularly to the line 
axis: 


=R, 


(1) 
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where Uy and ly are the voltage at the output and the current at the input of the film diaphragm; Rj, is the dc re- 
sistance of the film, and 6 is the depth of current penetration,which depends on frequency. 


Equivalent electrical circuit for the resistors. On the basis of the current distribution along the film cross sec- 
tion (Fig. 1) it is possible to derive an equivalent circuit shown in Fig. 2. The skin effect is accounted for by induc- 


tance L_ ,which increases with the thickness of the film. The shunting inductances may be considered as representing 
parallel connected elementary radial strips, with the total inductance being increased by deviations from symmetry [1]. 


By symmetry we understand the lack of an azimuth relation between the thickness and the resistance of the film. 


we find 
Ri +0" 


4 


It follows from (1) that for li, |= const the output voltage decreases with a rising frequency, since 6 decreases. 
The same phenomenon is represented by (2) if we assume thatL7 >> Ly: 


Hence, thick films (6,4, = 4) and thin films (6,,jn > d) without asymmetry have a “falling” frequency character- 


istic, which is represented by the equivalent circuit for Ly *L,;. Such a characteristic obtained experimentally is 
given in Fig. 3. 


Ry 


It is difficult to make thin plates symmetrical. Deviations from symmetry increase considerably inductance 
Ly. For Ly > L+ the output voltage rises with frequency : 


Manufacture of low-value resistors. Surfaces can be covered with thin 


P metallic films by various means. The simplest of these consists in burning 
silver onto a ceramic base. 


hy >i As a base we used various ceramics and glass. Films covering glass do 
1, TAI; not adhere sufficiently well. Moreover, glass does not possess the required 
4 ys strength. Of the three types of ceramic, tadio-porcelain, steatite and ultra- 
ee. 6, porcelain, it was found that steatite was the most suitable. Radio-porcelain 
retains securely the films, but it is very brittle and therefore cannot be used 
Fig. 1 as a base. Ultra-porcelain is sufficiently strong and retains the films well, 


but it has flaws. The best results are obtained with compressed steatite. The 
surface of a selected base must first be polished until a smooth and even sur- 
face is obtained, and then washed and carefully degreased. The fired paste 
should be smeared in the proportion of 0.01 g per 1 cm? onto a revolving 
base (1400 rpm), since this tends to a uniform distribution of the layer of 
paste and in addition the layer is evened out by the centrifugal force. More- 
over, any nonuniformity in the layer or the presence of impurities on the re- 
volving surface of the baseproduces circles, which serve as indications of de- 
fects in the film. 


The most important manufacturing stage consists in checking the film 


— thickness and providing geometrical and electrical symmetry. 


Assuming that load current I flowing through the above resistor is << k, and that Ry =R,=2Ry; and Ly =L, = Ly. 
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Fig. 5. Schematic of an instrument for determin- 
ing the combined frequency characteristic of the 
resistor and thermistor. 1) Oscillator type GSS-12; 
2 and 4) fixed 10 db attenuator type AS-1; 3) re- 


Pr_(14+Dof)= (14+Dof%), (5) 


where 


distance leg from the resistor. 


It was shown in [2] that 


2B 


sonance filter; 5)thermistor type TSh-2B; 6) sen-. 
sitivity-calibrated receiver; 7) tube voltmeter type 
VKS-7B; 8) reference thermistor bridge type MTO-1. 


where C, is the equivalent capacitance shunting the thermistor bead, equal to 0.3upf for a thermistor type TSh- 


The film thickness d can be determined by measuring 
the mass of the base before and after firing, with a subsequent 
computation from the mass and area of the deposited silver, 
or by the dc resistance of the film. 


The latter method assumes a uniform distribution of the 
silver film. Any discontinuities in the film raise its resistance, 
leading to errors in estimating its thickness. For thicknesses 

of the order of 1 both methods showed satisfactory agreement. 


The uniformity of the deposited film thickness and of 
its electrical resistance was checked by means of a probe with 
four needle contacts placed along the radii of the film, The 
two outside needles served to carry the current and the two 
inside ones to measure the potential. The needles were con- 
nected to the appropriate contacts of a dc bridge for measuring 
small resistances. By moving the probe and measuring corres- 
ponding resistances it is possible to obtain a topographic re- 
presentation of the film thickness. Films which had devia- 
tions from the mean thickness not exceeding # 5% were con- 
sidered satisfactory. In addition, direct measurements of the 
differences of radii Rom (Fig. 1) were also made. 


Properties of low-value resistors. Experience has shown 
that adherence to the above measures improves the frequency 
characteristics of resistors; however, the soldering of contacts 
to the film may produce defects which it is very difficult to 
discover. Therefore, the frequency characteristic of each 
completed resistor was determined by means of a thermistor 
bridge and a receiver. In this circuit the current-measuring 
thermistor must be placed in the immediate vicinity of the 
measured resistor. Figure 4 shows the construction of the ther- 
mistor head intended for measuring low-value film resistors. 
The resistor has concentric contacts soldered directly to the 
deposited silver layer and fitted with threaded connections 
to the incoming and outgoing lines. The resistances of the 
threaded connections were placed in high-resistance circuits, 
thus making the output resistance of the head only dependent 
on the voltage drop across the film resistor. 


The overall frequency characteristic of the resistor 
and the thermistor was determined by means of the circuit 
shown in Fig, 5: 


is the power measured by the thermistor ; Ry, is the thermistor dc resistance, to which corrections A, and 
4, were applied, which accounts for the thermistor frequency characteristic and the position of the thermistor at a 


RY, Ch, (6) 
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The values of 2 eq and A, are calculated from the construction of the thermistor head, which consists of two 
sections with characteristic impedances Zo, and Zo, and lengths 2, and J,. In the thermistor head used by us leq = 
12 mm. Thus, parameter a of the frequency characteristic (4) is equal to 


Ry C% —2n* (7) 


where C=3-10" mm/sec. | 


Coefficient Dy was determined by measuring voltage G,,| at various frequencies and a constant power P_ by ' 
means of a receiver. In order to improve the waveform of current I}; a resonance filter was included in the circuit . 
and tuned by means of a tube voltmeter. : 


These measurements have shown that the output voltage JUy | has for thin films and a constant liy | a square 
law relation to frequency, thus confirming the assumed equivalent circuit and computations. For low-value resistors 
in the range of R,, = (0.5-3)'10~* ohm coefficient a =(0.05-0.25)'107. 


The relation between the resistance of the low-value resistors and the current flowing through them was also 
determined. It has the form of 


(bf). (8) 


Coefficient b depends on the value of Ruy For an Ry = (1-5)-10% ohm, b = 7-107, 


It will be seen from (8) that in measuring the dc resistance Ry; it is possible to use current of the value of | 
I; =3 amp. This requirement is met by bridge MOD-54 and a potentiometer circuit. 


In order to determine the stability with time of these film resistors, five were measured each day over a per- 
iod of six months. The resistance varied in the first month by about 1.5%, for the second by 0.5%, and for subsequent 
months by 0.2%, The greatest deviation of the resistance is observed in the first 5 days. 


Measurements of the temperature coefficient of film resistors have shown that its mean value amounts to 0.28% 
per degree C. 


Conclusion. The application of the technique described above for determining coefficient a of the frequency 
characteristic and the use of appropriate corrections for the effect of the external temperature and for the aging of . 
resistors made it possible to determine the value of | Z};| with an error not exceeding #(2-3)% at a frequency of 1000 
Mc. 
The UHF film resistors made in the manner described above have values between 0.1-10~ and 10-10 ohm, 
and are suitable for use in instruments measuring small voltages at radio and ultrahigh frequencies. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
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cover English translations appears at the back of this issue. 
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METHOD FOR CHECKING SCALERS 


V. P. Rynkevich 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 54-55, March, 1961 


To date there is no reliable method for checking scalers used in conjunction with radiation detectors in nuclear 
physics for counting the number of particles, The accuracy of their counting is checked by feeding the instrument 
with regular pulses which have a known repetition frequency over a set period. The number of pulses the instrument 
is supposed to count is known with great accuracy, and the instrument's resolution time is determined by the spacing 
between two adjacent counted pulses. However, the conditions of 
counting in this case do not correspond at all to the working condi - 


tions of the instrument, since in fact the instrument does not count 
a pulses with a regular, but with a random,distribution with respect to 
ag time. It is obvious that checking the instrument by means of regu - 
Fig, 1. lar pulses cannot be considered satisfactory, since with a random 


variation of the intervals between pulses the probability of the in- 
strument missing pulses varies and differs from the probability in the 
case of regular pulses. In order to meet this condition scalers are 
now being checked by means of generators which produce trains of 
double and treble pulses, thus making it possible to evaluate more 
accurately the scaler's dead time. However, in this case the test 


: conditions differ considerably from the scaler's working conditions. 

The most accurate checking method would consist in feeding 
J to the scaler input pulses distributed in time according to the same 
Fig. 2. 1) Noise voltage at the output of the law as the pulses of a radiation detector (for instance, a scintillator 
video amplifier (the dotted line shows the or a Geiger-Mueller counter). It is known that in this instance the 
level of the Schmitt trigger operation) ; 2) following distribution law holds: 


voltage at the Schmitt trigger output; 3) volt- 


age at the generator output. M 


(1) 


where T is the pulse repetition period, and T is the mean repetition period. 


The circuit described below produces the required pulse sequence [1]. The block schematic of the device is 
shown in Fig. 1, and the shapes of voltages across its components in Fig. 2. 


The noise source 1 (Fig. 1), consisting of an ordinary noise diode, produces a noise voltage which has a wide 
frequency spectrum and is fed to video amplifier 2 with an adjustable bandwidth. The output voltage of the video 
amplifier has the form of a random process with a spectrum determined by the amplifier bandwidth. This voltage 
operates the Schmitt trigger 3. The trigger operates when the noise voltage crosses its tripping level. Following 
differentiation (device 4) and limitation of trigger pulses, a sequence of short, single-polarity pulses with a statisti - 
cal distribution with respect to time is obtained. 


The distribution of the output pulses according to the required law is determined by the following circumstances. 


The noise voltage produced by the diode represents a random stationary process, which follows a normal distri - 
bution law, i. e., the distribution function of the noise voltage amplitude, and that of derivatives of any order follow 
a normal distribution law, With a correctly chosen operating condition the video amplifier constitutes a linear system 
for the noise voltage fed to its input. Since any stationary random process is transformed by a stationary linear sys- 
tem into a stationary process, the voltage at the output of the video amplifier will also represent a stationary process 
with another amplitude distribution law, and the spectrum of this process will be limited by the bandwidth of the 
amplifier. 


The probability of obtaining a pulse at the output of the Schmitt trigger, whose input is fed by a noise voltage 
from the video amplifier, is equal to the probability of a random stationary process crossing a given level. The latter 


probability is a constant quantity and may be calculated from the formula 


P (xa) = Wise) W (y) dy=const, (2) 


where Wx) is the distribution function of a random stationary process; W(y) is the distribution function of the deriva- 
tive of a random stationary process; % is the crossing level. 


Formula (2) covers crossings in the upward direction. For crossings in the downward direction the integral is 
taken for negative values of the derivative. 


The mean value of crossings per unit time is also a constant quantity, determined from formula 


ve J yW, (Xo, dy dt. 


For a sufficiently large time interval T the number of level crossings in the upward direction will be 


n=vT. (4) 


These events occur in a random manner and independently from each other. The probability that k out of n 
events will occur in a set time interval 7 is calculated from the formula 


P, (k)= > = = (5) | 


In this case, in view of a limited spectrum of noise voltages and finite operating time of the circuit, the mean 
number of pulses appearing in a unit of time will be small in relation to the number of tests and the total number 
of pulses. In other words, the characteristic of (5) consists of a large number of tests n and a small probability of an 
event occurringduring one test. Under such conditions it is possible to apply Poisson's formula: 


Pa = (6) 


It is known from the theory of random processes that the intervals between evenss in this case are distributed 
according to law(1). Hence, by differentiating the pulses produced by the Schmitt trigger and passing them through 
a limiter 5 (Fig. 1) so that at its output only positive pulses appear, it is possible to obtain the required distribution 
of the output pulses with respect to time. The result thus obtained is independent of amplitude distribution of the pro- 
cess (Gaussian, Rayleigh or any other distribution), providing the process is stationary. 


It will be seen from (2) and (3) that the mean pulse repetition frequency is determined by the noise voltage ) 
spectrum at the input of the Schmitt trigger and the operating level of the circuit. Thus, by changing the amplifier . 
bandwidth or the operating level of the Schmitt trigger it is possible to vary the mean pulse repetition frequency. 


In order to obtain a predetermined number of pulses the generator is equipped with a reference scaler circuit 7 
(Fig. 1) with a capacity equal to the required number of pulses. As soon as the full capacity of the scaler circuit is 
reached the generator is automatically cut out. The circuit is coupled to a commutating stage 6 (Fig. 1). 


By means of the above device it is possible to check scalers with an accuracy determined by that of the refer- 
ence counter. 


When anordinary Schmitt trigger circuit is used it is possible to check scalers with a time resolution of 1p sec 
or more. 


LITERATURE CITED 
V. P, Rynkevich, "Pulse generator", Author's Certificate No. 126915, 1960. 
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REFERENCE TRIMMER DISC CAPACITOR 
FOR FREQUENCIES UP TO 200 Mc 


A. L. Grokhol'skii 


Translated from Izmeritel'naya Tekhnika, No, 3, 
pp. 55-57, March, 1961 


The high-frequency disc capacitor KVCh-8 developed by the NGIMIP (Novosibirsk State Institute of Measures 
and Measuring Instruments) has been used successfully in several USSR scientific research institutes. The capacitor 

has been recently improved and thoroughly investigated in order to extend its use for testing and research purposes. 

The main advantage of this capacitor consists in the small extent to which its effective capacitance depends on the 
operating frequency. At frequencies up to 20-30 Mc and measurement errors of the order of 0.5-1% its capacitance 

can be considered independent of frequency and equal to its capacity at audio frequencies. For higher frequencies or 
when more accurate measurements are required, it is necessary to apply to the low-frequency capacitor readings cer- 
tain corrections which can be easily calculated from the formulas given below. 


Electrical circuit of the capacitor. The capacitor consists of two disc plates at a distanced from each other in 


such a manner that their axes of symmetry coincide. The capacitor conductors are connected to the midpoints of its 
plates. 


The disc capacitor can be represented by an equivalent circuit consisting of a constant capacitance Cy connected 
in series with the residual inductance Ly of the capacitor and its shunt conductance g (Fig. 1). 


The effective capacitance can be determined from the formula 


(1) 


The value of the residual inductance L,, of the capacitor is calculated from its geometrical dimensions. The 
formula for determining L,, was first derived by R. King and then reproduced by N. A. Kouzov. They proved that the 
residual inductance is determined by the distance between the plates and is equal to 


d 
=> 10~* h. (2) 
This formula (d, cm) holds for frequencies at which radius a of the capacitor discs is considerably smaller than 
the wavelength. 


In the case when the wavelength and the dimensions of the capacitor plates are of the same order, formula (2) 
no longer holds. In such a case it is better to use the formula derived at the NGIMP : 


(=) 10-* h. (3) 


Formulas (1) and (3) do not account for inductance Ly of the capacitor connections, without which it is imposs- 
ible to use it in a measuring circuit. If this inductance is considered to be connected in series with the residual in- 
ductance L,, the effective capacitance can be calculated from the formula 

Co 
° 4 


Normally the total inductance L, +L» is mainly determined by the value of ly, since L, is always much smaller 
than Lo For this reason special attention should be paid,in designing disc capacitors, to reducing the value of Lo. 
This can only be accomplished by making the capacitor connections with a minimum inductance. In order to fulfil 
this requirement several designs of disc capacitors have been produced. The most successful design was that of capa- 
citor KVCh-8M, the relation of whose capacitor temperature coefficient to the gap between the plates, i. e., to the 
set capacitance, is shown in Fig. 2. 
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Cy = 61.1 ppt 
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Fig. 1. 


f-, Mc 


Fig. 2. 


The relation shown in Fig. 2 holds for a 


Fig. 3. 


25-1250 py f trimmer disc capacitor KVCh-8M is shown in 
Fig. 3. It consists of a massive brass base 1, which has several circular 
ribs to provide it with the required rigidity and which serves as the low- 
potential plate of the conductor. On one side the base is fitted to a 
connection which has the dimensions of a standard 75-ohm coaxial sock- 
et, and on the other it is fitted by means of a ring steatite insulator 

6 to the central axial contact 3. 


The upper high-potential plate 2 also has stiffening ribs. It 
is tightly fitted over the axial contact, but it can be displaced along 
the contact in its rotational movement. The distance between the 
plates is varied by means of screw pair 7. The position of the plates 
is secured and the contact resistance decreased by means of nut 5. 
The high-potential plate is screened by means of casing 4, whose bot- 
tom has a hole which serves for accurate adjustments and is closed by 
stopper 8. 


In order to eliminate any possible deformation in the oper- 
ation of the capacitor, all its parts were subjected before assembly to 
a 3-hour heat treatment at a temperature of 300-400°C with subse- 
quent cooling in the oven. After annealing the working surfaces of 
plates 1 and 2 are lapped on a cast iron plate. It is advisable to cover 
all the capacitor components with a bright layer of chromium. These 
surfaces should then be cleaned only by chemical means. The capa- 
citor assembly is started by first soldering together components 1, 3 
and 6 with a low melting point solder (120-150°C), All the compon- 
ents are assembled finally in a hot state, when the solder becomes 
fused, and the working surfaces 1 and 2 are pressed tightly together 
and secured by nut 5. In this condition the capacitor is allowed to 
cool gradually. 


Only when all these requirements are fulfilled is it possible 


to produce a good capacitor with a range of 25 to 1250 pyf and plate 
diameters of 100 mm. 


The minimum capacitance of the trimmer with plate 2 and 
screen 4 removed amounts to 8 wu f. This capacitance is mainly con- 
centrated in the area of the ceramic ring insulator 3. The edge capa - 
citance between the moving plate 2 and casing 4 over the whole trim- 
mer range (25-1250 yu yf) remains practically constant at 6.3 pyf. It 
is due to the field between the edge of the moving plate and the screen. 
The capacity between the screen and the plane of the moving plate 
changes very little, remaining in the range of 1.5-2.5 uyf. 


All the above-mentioned residual capacitances are consid- 
erably smaller than the main capacitance. 


capacitor whose components 1, 2, and 3 (see Fig. 3) are made of 


brass. It is possible, if necessary, to reduce the capacitance temperature coefficient by making the above components 
in different metals with appropriate coefficients of linear expansion, which would provide the required temperature 


compensation. 


The losses in the capacitor were determined in the frequency range of 70 to 200 Mc. These losses and their 
variations in terms of a conductance shunting the capacitor are shown in Fig. 1, 


The inductance of the capacitor's connection was obtained by working out the results of a number of measure - 
ments of the effective trimmer capacitance at several frequencies, including 200 Mc, by means of an accurate twin- 


T admittance bridge. The value thus obtained amounted to L» = 1.9210 °h 2 1%, 
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Thus, it is possible to use capacitor type KVCh-8M in the range from audio frequencies to 200 Mc. Its frequen- 
cy correction at 20 Mc and a capacity of 1200 yyf amounts to 2.2% of its static capacitance, and at 100 Mc and a 
capacitance of 100 puf it amounts to only 5. 5%, 


It should be noted that at frequencies of the order of 200 Mc and capacitances of 1000 yf, the trimmer's fre- 
quency error was not determined, since in practice such values are not encountered. 


The error in setting the effective capacitance of trimmer KVCh-8M at frequencies up to 30 Mc for any values 
of static capacitance amounts to less than0.2-0.5%, At higher frequencies it depends on the correction term in the 
denominator of (4); if this term is smaller than 20% the error will not exceed 1%, 


Conclusions, The above disc capacitor can be used for various purposes as a reference single-valued effective 
capacitance, or as a many-valued capacitance set at will to any value within its range, for testing or research pur- 
poses. 


The KVCh-8M capacitors are particularly convenient for determining the frequency characteristic of effective 
capacitances of other capacitors by the substitution method. In this method the measured capacitor is replaced at the 


high frequency by the KVCh-8M capacitor, which is set to the appropriate value by adjusting the distance between its 
plates. 


The preliminary adjustment is made with the capacitor screen removed, and the final adjustment through the 
opening in the screen. 


The actual capacitance of the disc trimmer is then calculated from (4) having measured its capacitance on a 
low-frequency bridge. Such a method of checking capacitors is very simple, since it does not require any accurate 
high-frequency capacity measuring devices. It is quite sufficient to have any type of Q-meter. 


USE OF AUXILIARY TABLES IN CHECKING INSTRUMENT 26-I 


A. 


F. Kamnev 


Translated from Izmeritel'naya Tekhnika, No. 3, 
pp. 57-59, March, 1961 


Checking the duration and delay of pulses in instrument 26-I by means of the UPIG-2 equipment is the most 
labor-consuming operation of all those required for testing the above instrument. In checking the instrument for 


these two parameters it is necessary to make over 60 measurements of frequency i, and make as many conversions 
into time intervals T. 


The checking of instruments by means of time parameters can be greatly simplified and accelerated if use is 


made of a table of frequency tolerances which correspond to a certain number of markings in the measured time in- 
terval. 


We have compiled such tables for instrument 26-1, whose pulse duration varies from 0.2 to 10sec with a tol- 
erance of #(10%+0.025 sec) and delay time varies from 1 to 21 psec with a tolerance of +(10%+ 0.5 psec). 


The number of markings which can be placed in the measured time interval is chosen according to the opera- 
tion instruction No, 151. At the intersection of the horizontal line which passes through the index which corresponds 


to the value of the measured time interval, and the vertical line which passes through the index corresponding to the 
number of markings in the measured time interval, two numbers are placed, one above the other. These numbers 
indicate the reference oscillator frequencies in kc corresponding to the tolerances for the measured time interval. 


It is convenient to present the above tables in the form of a two-sided board with a cursor for ease in taking 
readings. 
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TABLE 1, Auxiliary Table for Checking Pulse Delay Time in Instrument 26-1 
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5 TABLE 2, Auxiliary Table for Checking Pulse Durations in Instrument 26-1 
5 6 7 9 12 1 | 19 | 
30800 
12900] 19350| 25800 
0.3 12230] 16349] 20400 | 24500 | 28500 0.3 
0.4 11940] 14900 | 17900 | 20830 | 23800 | 26800 0.4 
8600 | 10770 | 12900 | 16050} 17200} 19350) Sat 
; 0.5 11770 | 14100] 18450 | 18800 | 21200 | 23500 | 25900 0.5 
__8700 | 10430 | 12170 | 13020 | 15650 | 17400 | 19150 rae) 
0.75 10780 | 12300 | 13840 | 15400 | 16950 | 18200 | 19900 | 21400 | 22900 | 24400 0 
tee __ 8230 | _ 9420 | 10600 | 11760 | 12950 | 14300 | 15400 | 16600 | 17750} 18950; 
1.0 | 2290 10300 | 11300 | 12430 | 13650 | 14860 | 16000 | 17150 | 18300 | 19450 | 20600 | |22900] 
1780 8050 | 8900 | __9770 | 10650 | 11560 | 12430 | 13360 | 14200 | 15100 | 16000 | 16900 |17750) 
1.8 | 1508 | 2265 9820 | 10550 | 11300 | 12000 | 12850 | 12600] 14350 |15100] 
__| 1194 | 1790 |_|} 7750 | 8350 | _ 8970 | 9550 | 10180 | 10750] 11320 }11950) 
20 1128 | 1690 | 2260 10700 | 1127 2.0 
1346 | 1795 | 2240 
1170 | 1490} 1865] 2240 
1258] 1570] 1887} 2130 
4.0 1088 | 1360] 1630] 1900/ 2170 4.0 
4.5 1225} 1470] 1710} 1955] 2200 4.5 
5.0 1110] 1340] 1555] 1780] 2000| 2220 5.0 
910} 1090 | 1270} 1455] 1635} 1820 
6.0 1110] 1295] 1480] 1670| 1850] 2040] 2220] 2410 6.0 
__910 | 1060 | 1210 | _ 1365 | _1516) 1670} 1820) 1970) = 
7.0 1110} 1270] 1430] 1590] 1750] 1910] 2030] 2220| 2320 7.0 
1040 | 1130 | 1300) 1430] 1560] 1690} 1820) 1950 
8.0 1110} 1250] 1390} 1530] 1670] 1805] 1950] 2080] 2220] 2360 8.0 
_ 1020 | 1135 | 1250} 1365} 1480 | 1500) 1750) 1830) 1955 =! 
9.0 1110} 1235] 1360] 1480] 1605] 1730] 1855| 1990| 2100] 2220/ 2350 9.0 
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MATERIAL RECEIVED BY THE EDITORIAL BOARD 


CHECKING THE QUALITY OF INSTRUMENT PRODUCTION 


P. M. Larionov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 60, March, 1961 


One of the most important activities of the Chelyabinsk GKL (State Inspection Laboratory) consists in checking 
the quality of production in instrument-making plants of the Chelyabinsk region. 


In 1960 the GKL exerted great efforts to improve the checking of instrument production. In the first place re- j 
sponsibilities were allocated. The laboratory administration assigned to this work the most qualified personnel who a 
had already been engaged for a considerable time in checking the quality of gauges and instruments. 


Taking into consideration the necessity for a deep study of the causes of production defects, of the technology 
of production, the quality of raw materials, etc., all the inspection workers studied at the plants the entire technolog- 
ical production cycle right from the reception of the raw materials to the final assembly of instruments. 


The laboratory established relations with all the scientific research institutes and design bureaus of the Chelya- 
binsk region which were engaged in the development of new instruments, and acquainted them with the procedure 
of state testing of new gauges and instruments, and established contact between them and the scientific research in- 
stitutes of the Committee which carry out these tests. 


It should be noted that the GKL has encountered difficulties in carrying out instruction 2-59 on coordinating the 
technical proposals for developing instruments with the organizations responsible for their design. There is, as yet, no 
definite criterion for determining which instruments should be subjected to state testing in the Committee's agencies. . 
Therefore, it is often difficult for the GKL to determine which of the instruments should have their specifications de- ; 
veloped in cooperation with the design bureaus. 


On the basis of systematic testing of mass-produced instruments the GKL made a critical evaluation of the gauges ! 
and instruments in production, and made proposals for modernizing some of the instruments. On the basis of these 
suggestions the Sovnarkhoz (Council of National Economy) laid down certain dates by which the instrument-making 
plants have to submit modernized types of potentiometers, bridges, and slide-gauges for state testing, in order to start 
their production in 1961. 


The GKL has considerably extended the volume of its work in testing instruments. Previously its activity was 
restricted to testing mass-produced articles, but in 1960 the laboratory undertook on behalf of the Committee the 
state testing of newly designed instrument models. 


However, serious difficulties are being experienced in this work, due to insufficient laboratory personnel and 
lack of systematic information on the latest measurement techniques. 


An important part of the work in checking instrument production consists in a constant study of the operational 
properties of gauges and measuring instruments produced in the plants of the region. 


The laboratory has organized supervision of instruments at plants where a large number of instruments are used. 
Thus, the automatic electronic potentiometers and bridges of the "Teplopribor” Plant are being studied at a factory 
which uses a large number of these instruments. 


The study of the operational properties of stop-watches made by the Zlatoust Horological Plant was organized 
in a different way. A consignment of stop-watches was taken from the stores of this plant and sent to four enterprises 
which studied them according to 4 program devised by the GKL. It was also specified that in case of a failure of the 
stop-watches they should be sent to a certain repair shop, which had received instructions on recording the type of 
repairs made, listing the repaired parts and the nature of the defect. 


In addition to studying the properties of instruments at the plants of the region, the laboratory also uses the ma- 
terial received from other GKLs which studied the behavior of instruments made in the Chelyabinsk region. 
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After having been analyzed this material is brought to the notice of the directors of instrument-making plants. 
At the same time the plants received suggestions how to eliminate the defects discovered in the course of these studies, 


Discussion at technical conferences with the workers of instrument-making plants of the technical data obtained 


in checking instruments, a careful planning of measures for improving production and quality control of instruments, 
produced good results. 


In certain instances the GKL has also taken other measures. In particular, one of the plants was forbidden to 
deliver its slide-gauges to customers, and the OTK (Technical Control Division) of the plant was instructed to re-test 
all the slide-gauges in the stores and to carry out the final testing only after they had been stored there for two days. 


The plant was also warned that if the defects in their slide-gauges were not speedily eliminated and the inspec - 
tion made by their OTK improved, sterner measures would be adopted. 


The Chelyabinsk GKL is continuing to improve its methods in checking instrument production. It is necessary 
to eliminate certain important failings in this work, such as an insufficiently profound study by the GKL personnel of 
the production technology of instruments, and of the reasons for defects in the manufactured gauges and instruments. 


USING THE FREQUENCY OF 100 kc TRANSMITTED BY RADIO 


N. F. Semenyuta 


Translated from Izmeritel'naya Tekhnika,No, 3, 
p. 61, March, 1961 


The use of the reference frequency of 100 kc at 
test points is impeded owing to the absence of special 


receivers. We propose a simple receiver for obtaining A 6Zh4 6S2 
the frequency of 100 kc. == 

The receiver circuit (see figure) uses a 6Zh4 tube + _— 
as a high-frequency amplifier and a6S2 tube as a cath- 0 mutts ke 
ode foliower circuit. > 


The grid and anode tuned circuits consist of inter- 
mediate-frequency transformers of an. AR3 radio receiver, 
which are easily retunable to a frequency of 100 kc. 

The power transformer is also taken from the same recei- 
ver. 


The signal obtained at the output of the cathode 
follower can be used instead of the 100 kc obtained from 
the crystal oscillators in the existing equipment, or else 

for checking the frequency of other oscillators, 
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PROTECTIVE GLASS FOR AN EYEPIECE 


A. P. Nikonorov 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 61, March, 1961 


The outside surface of an eyepiece,which is not protected during operation,is the part of optical mechanical 
instruments which gets dirtiest under workshop conditions. The clarity of vision is disturbed, causing eyestrain and ) 
reducing productivity. This compels the operator, without the aid of a mechanic, to clean the lens himself or to { 
blow the dust off its surface. Such “cleaning” at first damages the protective layer and then the lens itself. The : 
damaged lens surface begins to corrode, becomes opaque and diffuses light. The instrument is thus put out of action 
for a considerable time, since optical repairs are complicated and require special equipment and qualified personnel. 
Often, owing to the lack of optical spare parts the instrument is written off as worn out and unserviceable. 


The author suggests that a piece of photographic plate glass 1 mm thick be used as a protective covering and Fy 
placed under the eyepiece holder. ; 


Protective glass 2,cut to the size of the internal diameter of the eyepiece holder 1, and carefully washed and 
cleaned (at the same time as the optical parts of the instrument),is placed under the eyepiece holder, which is then 
screwed onto the eyepiece (see figure), In order to improve the optical proper- 
ties of the protective glass it is recommended that it be boiled in a 2% solution of 
site sit NaOH for 1 hour, allowed to cool in the solution and then boiled in a 0.5% solution 


of acetic acid for 20-30 minutes, and then allowed to gradually cool in the solution. 
The quality of this layer will depend on the grade of glass and the time taken for 
its treatment. However, the brightening of the glass is not indispensable; it is suffic- 
ient to wash and clean it properly. The protective glass prevents the eyepiece lens 
3 from being touched by hand and protects it from dirt and mechanical damage. 
The simple fixing of the protective glass makes it possible to change it without 
stopping work. In certain instruments the eyepiece holders have insufficient threads. 
For such instruments new holders should be made, which is not difficult. In the newly produced instruments the de- 
signers should provide eyepiece holders suitable for fixing protective glasses in them. 


CHECKING THE QUALITY OF RECORDINGS IN THERMAL INSTRUMENTS 


A. D. Snagovskii 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 62, March, 1961 


In repairing and checking electronic potentiometers type fPP -09 as well as other thermal multi-channel rec- 
ording instruments, it is necessary to check the operation of the switch and the recording device and also the quality 
of recordings. For this purpose it is recommended to use, in addition to the source of controlled voltage (IRN-50, 

IRN -53, etc.), yet another potential divider (see figure). 


Common __‘ To terminals of tested instrument The attachment is made of 12 resistors of 4 ohm each, 


connected in series. The resistors are wound with 0.3 mm PESh- 
ReGGsSAR ALR a OMT wire on ebonite formers of 5 ohm resistors, and are placed 


ina 50 X 80 X 150 mm cabinet, whose front panel carries 13 spring 
| " clips. The attachment can be used for checking 3-6-and 12-chan- 
To terminals of source of adjustable nel instruments with different calibrations. For checking bridges 
voltage a similar attachment can be made. 
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A voltage corresponding to the top scale reading is set on the divider and connected to the attachment, and the 
terminals of the various channels of the instrument are connected respectively to terminals 1-2. . .12 of the attach- 
ment (the negative sides of the channels are connected to terminal 0); thus a recording is obtained for all the channels, 


IMPROVEMENTS IN TESTING EQUIPMENT 


D. I. Mogilevskii 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 62, March, 1961 


The workers of the Irkutsk GKL (State Inspection Laboratory) are developing and bringing into use various new 
technical methods and devices which provide higher productivity of labor and reduce the time used in testing. 


Technical inspector Leonchenko has made a switch for changing supplies in the UPV-5 set. This switch simpli- 
fies the testing of pointer instruments of different ranges. 


Engineer Yakovlev has designed a switch for set UPS-1 which makes it unnecessary to wire-up circuits for each 
type of testing. A special attachment developed by him makes testing of heterodyne frequency meter crystal oscillators 
possible. He has also developed and is producing a portable set for testing electrical instruments and single-phase 


electricity meters in the place of their operation, thus reducing to a minimum the instruments which have to be sent 
to the laboratory for testing. 


Moreover, the laboratory personnel have produced a high-tension chamber for testing transformers, have made 


an instrument, and mastered the technique,of checking grade II standard cells, have improved the conditions of stor- 
age batteries, etc. 


The Irkutsk GKL renders technical assistance to factory test laboratories in improving their technique for checking 
production processes, and in applying the most up-to-date methods for inspecting measuring equipment. 


Several factory laboratories have produced, according to recommended drawings, devices for checking large- 
size end gauges, the parallelism of planes in micrometers exceeding 100 mm, and for estimating the measuring efforts 


of micrometers. They have also produced, according to a circuit developed by the Irkutsk GKL, portable installations 
for checking electrical instruments. 


The laboratory is planning othér measures for developing technical progress in the sphere of measurements. 
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FROM FOREIGN JOURNALS 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 63, March, 1961 


FEINWERK TECHNIK 


No. 7, 1960 


P, Heil Modern techniques for measuring surface roughness. Existing methods and systems E 
and I are described as well as the high-precision instrument “microgeometer”. 


No. 9, 1960 


G, Weneki. A quartz mirror end gauge for an accurate parallel placing of measuring surfaces of the endpiece 
and the table of an instrument for linear measurements by means of interference fringes of equal thickness. 


Proceedings of International Congress and Exhibition on Automation and Measurement Techniques “Interkama”, 
held in October, 1960 in Dusseldorf. 


No. 10, 1960 


W. Bachman. Manometer with an elastic sensing element and the limiting possibilities of its utilization. 


S, Herman, Balances in a nonuniform gravitational field. The article deals with accounting in precision 


measurements for the nonuniformity of the gravitational field and with gravitational curves and their effect on bal- 
ances. 


M., Schiska. Two-position regulator with an electronic master device and a transistorized amplifier for elec- 
trical measuring instruments. 


Hire of measuring instruments in the USA. The hiring stock amounts to 13,000instruments of 70 different types. 


ISA JOURNAL 


No. 9, 1960 


A new highly sensitive oscillator-transducer suitable for use in explosive premises. The transducer registers 
capacity changes of the order of 0.0001-0.00001 pyf. 
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No, 10, 1960 


A, Schuler. The concept of a system of units of mass, weight, force, pressure and acceleration. 


Terminology in vacuum techniques (in the sphere of instruments and measurements). 


G, Dalke and V, Velkovich. A new ultrasonic commercial flowmeter for measuring liquid flow in units of mass 
and volume. 


A. Votring and T. Macaveni. Application of an ultrasonic viscosimeter for determining concentrations in poly- 
mer solutions. 


No. 11, 1960 
B, Murray. A flowmeter with square root extraction by means of vibrating string. 


No. 12, 1960 


J. Cohen. Measuring flow by means of computers. 


S. Akerman and J. Lord. Automatic photoelectric monochromatic pyrometer. Basic principles and a description 
of its construction are given. 


A, Nylender. Nomogram for determining dynamic properties of moving-coil instruments. 
Contemporary automatic regulations and control techniques in the USSR. 


Informative conference on instruments and automation organized by the Instrument Society of America in New 
York, in September, 1960. 


J. Johnston. Can the USA compete with the USSR in automation? Review of the contemporary automatic reg- 


ulation and control techniques in the USSR from impressions gained by a delegate to the 1st Congress of the PFAC in 
Moscow, 


REVUE DE METROLOGIE 


No. 6, 1960 


Decree on the establishment of a higher school of metrology in France. 


M. Ambar. Metrological problems in calibrating and using measured tanks, part I. 
No. 7, 1960 
M. Ambar. Metrological problems in calibrating and using measured tanks, part II. 
No. 8, 196" 


Standardization of measuring rods in measured tanks. 
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MICROTECNIC 


No. 5, 1960 


S. Bruce. Interference comparator for checking measures of length. The instrument has an additional contact 
mirror which rests on the measures being compared. 


INSTRUMENT PRACTICE 
AUTOMATION AND ELECTRONICS 


No. 10, 1960 


A new center for testing materials, instruments and equipment intended for public use. 


V. Scholl. Nondestructive testing of materials by ultrasonic methods, part I. 
No. 11, 1960 


V. Scholl. Nondestructive testing of materials by ultrasonic methods, part II. 


Symposium on measuring liquids in covered channels. Brief content of the papers read at the symposium held 
in Glasgow in September, 1960. 


Special equipment for automatic measurement and recording of temperatures at many points in the production 
process. 


No, 12, 1960 


J, Vronhoven and A. Muelbaum. Electronic digital voltmeter. Description and circuit of the voltmeter, 
measuring range 0-1 v, error 1%, 
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COMMITTEE OF STANDARDS, MEASURES AND MEASURING INSTRUMENTS 


NEW GOST (ALL-UNION STATE STANDARD) "'MECHANICAL UNITS" 


Translated from Izmeritel'naya Tekhnika, No. 3, 
p. 64, March, 196? 


On February 3, 1961, the Committee of Standards, Measures and Measuring Instruments approved at its meeting 
a new GOST "Mechanical Units", which will come into force on July 1, 1961. Contrary to the existing GOST 7664-55, 
the standard includes the new definitions of the meter and the second which were adopted in October, 1960 by the XI 
General Conference on Weights and Measures. It also contains denominations for all the derived units which were 
absent from the previous GOST. The standard recommends the MKS as the preferred system (which is a part of the 
International System of Units, approved by the XI General Conference on Weights and Measures), but permits the use 
for mechanical measurements of the CGS and MKG-WTS systems, as well as certain nonsystem units. 


I. NEW SPECIFICATIONS FOR MEASURES AND MEASURING INSTRUMENTS APPROVED 
BY THE COMMITTEE 


New Standards (registered in September-December, 1960) 


GOST 9545-60, Glass cylinders for areometers. Replacing GOST 10078-39, Effective date April 1, 1961. 
Gost 3720-60. Differential manometers, Replacing GOST 3720-54. Effective date January 1, 1962. 


New Instructions for Checking Measures and Measuring Instruments 


Instruction 100-60 for checking block-gauges, General propositions. Effective from January 1, 1961. 


II. MEASURES AND MEASURING INSTRUMENTS APPROVED BY THE COMMITTEE 
AS THE RESULT OF STATE TESTS AND PASSED FOR USE IN THE USSR 


(Registered in December, 1960 and January, 1961). 


Microwebermeters, trade mark M199, of the Leningrad Sovnarkhoz (Council of National Economy). State Reg- 
ister No. 1418-60. 


Portable voltammeters, trade mark E-504, of the Kiev Sovnarkhoz. State Register No. 1419-60. 


Portable recording voltammeters, trade mark N-372, of Krasnodar Sovnarkhoz, State Register No. 1420-60. 
Portable recording voltammeters, trade mark N-384, of the Krasnodar Sovnarkhoz. State Register No. 1421-60. 
Amperehour dc electricity meters M640 and M640U of the Leningrad Sovnarkhoz. State Register No. 1422-60. 
Current transformers, trade mark TPShL-10 of the Sverdlovsk Sovnarkhoz, State Register No. 1423-60. 


Rack-mounted ammeters and voltmeters, trade mark M330, of the Krasnodar Sovnarkhoz. State Register No. 
1424-60. 


Mobile platform scales with weights, trade mark VPG-500 (b), of the Krasnodar Sovnarkhoz. State Register No. 
1425-60. 


Truck weighbridges with a dial indicator, trade mark ATs-25, of the Krasnodar Sovnarkhoz. State Register No. 
1426-60. 


5-ton trolley weighbridges with a dial indicator, trade mark VGTs-5, of the North Kazakhstan Sovnarkhoz. 
State Register No. 1427-60. 


| 


: 500 kg mobile platform scales with a dial indicator, trade mark VTsP-500, of the North Kazakhstan Sovnarkhoz. 
State Register No. 1428-60. 


Microcolorimeters, trade mark KOL-52, of the Moscow Region Sovnarkhoz. State Register No. 1429-60. 


Gas analyzers, trade mark GOU-1, of the Moscow Region Sovnarkhoz. State Register No. 1430-60. 
Measuring lines, trade mark IKL-112, of the Moscow Region Sovnarkhoz. State Register No. 1431-60. 
Voltmeter, trade mark S-50, of the Kiev Sovnarkhoz. State Register No. 1432-61. 

Thermoelectric ammeters, trade mark T14, of the Leningrad Sovnarkhoz. State Register No. 1433-61. 


ting Thermoelectric milliammeters, trade mark T15,, of the Leningrad Sovnarkhoz. State Register No. 1434-61. 
4 Voltammeters, trade mark M231, of the Omsk Sovnarkhoz, State Register No. 1435-61. 
: Magnetic field-strength meters, trade mark IMI-2, of Leningrad Sovnarkhoz. State Register No. 1436-61. 
a Infrasonic measuring oscillator, trade mark GNCh-1, of the Leningrad Sovnarkhoz. State Register No. 1437-61. 
Stepped attenuators, trade mark AS-1 (D2-4), of the Leningrad Sovnarkhoz. State Register No. 1439-61. 
Test set for low-power junction transistors, trade mark IPT-1 (L2-1), of the Belorussian Sovnarkhoz. State Reg- 
ister No. 1440-61. 
Wide-band wavemeter, trade mark ShGV-S (Ch4-5), of the Ryazan’ Sovnarkhoz. State Register No. 1441-61. 
Platinrhodium-platinum reference thermocouples, trade mark PPO, of the Sverdlovsk Sovnarkhoz, State Reg- 
ister No, 1442-61, 
Grade 3 reference weights of 0.5, 1 and 2 tons, of the Odessa Sovnarkhoz. State Register No. 811-61. Com- 
bined with Grade 3 reference weights previously entered in State Register No. 811. 
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AN SSSR 
FIAN 

GITI 

GITTL 

GOI 

GONTI 
Gosénergoizdat 
Gosfizkhimizdat 
Goskhimizdat 
GOST 
Gostekhizdat 
GTTI 

IAT 

IF KhI 

IFP 

IL 

IPF 

IPM 

IREA 

ISN (Izd. Sov. Nauk) 
[Yap 


LITMiO 
Mashgiz 
MGU 
Metallurgizdat 
MOPI 
NIAFIZ, 
NIFI 
NIIMM 
NIKFI 
NKTM 
Obrongiz 
oryval 
ONTI 


RIAN 

SPB 

Stroiizdat 
URALFTI 
TsNIITMASh 
VNIIM 


NOTE: Abbreviations not on this list and not explained in the translation have been transliterated, no 
further information about their significance being available to us — Publisher. 


SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 
ENCOUNTERED IN SOVIET TECHNICAL PERIODICALS 


Academy of Sciences, USSR 

Physics Institute, Academy of Sciences USSR 

State Scientific and Technical Press 

State Press for Technical and Theoretical Literature 
State Optical Institute 

State United Scientific and Technical Press 

State Power Press 

State Physical Chemistry Press 

State Chemistry Press 

All-Union State Standard 

State Technical Press 

State Technical and Theoretical Press 

Institute of Automation and Remote Control 

Institute of Physical Chemistry Research 

Institute of Physical Problems 

Foreign Literature Press 

Institute of Applied Physics 

Institute of Applied Mathematics 

Institute of Chemical Reagents 

Soviet Science Press 

Institute of Nuclear Studies 

Press (publishing house) 

Leningrad Electrotechnical Institute 

Leningrad Institute of Physics and Technology 
Leningrad Institute of Metals 

Leningrad Institute of Precision Instruments and Optics 
State Scientific-T echnical Press for Machine Construction Literature 
Moscow State University 

Metallurgy Press 

Moscow Regional Pedagogical Institute 

Scientific Research Association for Physics 

Scientific Research Institute of Physics 

Scientific Research Institute of Mathematics and Mechanics 
Scientific Institute of Motion Picture Photography 
People’s Commissariat of the Heavy Machinery Industry 
State Press of the Defense Industry 

Joint Institute of Nuclear Studies 

United Scientific and Technical Press 

Division of Technical Information 

Division of Technical Science 

Radium Institute, Academy of Sciences of the USSR 
All-Union Special Planning Office 

Construction Press 

Ural Institute of Physics and Technology 

Central Scientific*Research Institute of Technology and Machinery 
All-Union Scientific Research Institute of Metrology 
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OTI 
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Publication of a “Soviet Instrumentation and Control Translation Series” by the Instruv- 
ment Society of America has been made possible by a grant in aid from the National 
Science Foundation, with additional assistance from the National Bureau of Standards 
for the journal Measurement Techniques. 


Subscription rates have been set at modest levels to permit widest possible distribution 
of these translated journals. 


The Series now includes four important Soviet instrumentation and control journals. 
The journals included in the Series, and the subscription rates for the translations, are 


as follows: 


MEASUREMENT TECHNIQUES — Izmeritel’naya Tekhnika 


Russian original published by the Committee of 
Standards, Measures, and Measuring Instruments 
of the Council of Ministers, USSR. The articles in 
this journal are of interest to all who are engaged 
in the study and application of fundamental meas- 
urements. Both 1958 .(bimonthly) and 1959-1961 
(monthlies) available. 


Per year (12 issues) starting with 1961, No. 1 

General: United States and Canada . $25.00 
Elsewhere ..  28.06 

Libraries of nonprofit academic institutions: 
United States and Canada . $12.50 


INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 


Pribory i Tekhnika Eksperimenta 


Russian original published by the Academy of 
Sciences, USSR. The articles in this journal relate 
to the function, construction, application, and op- 
eration of instruments in various fields of experi- 
mentation. 1958-1961 issues available. 


Per year (6 issues) starting with 1961, No. 1 

General: United States and Canada . $25.00 
Elsewhere. 

Libraries of nonprofit academic institutions: 
United States and Canada . $12.50 


AUTOMATION AND REMOTE CONTROL — Avtomatika i Telemekhanika 


Russian original published by the Institute of 
Automation and Remote Control of the Academy 
of Sciences, USSR. The articles are concerned 
with analysis of all phases of automatic control 
theory and techniques. 1957-1961 1959, and 196v 


Per year (12 issues) starting with Vol. 22, No. 1 

General: United States and Canada . 

Libraries of nonprofit academic institutions: 
United States and Canada. . $17.50 


INDUSTRIAL LABORATORY — Zavodskaya Laboratoriya 


Russian original published by the Ministry of 
Light Metals, USSR. The articles in this journal 
relate to instrumentation for analytical chemistry 
and to physical and mechanical methods of mate- 


Per year (12 issues) starting with Vol. 27, No. 1 

General: United States and Canada . $35.00 

Libraries of nonprofit academic institutions: 


rials research and testing. 1958-1961 issues United States and Canada . $17.50 
available. Elsewhere ... 20.50 
Single issues of all four journals, toeveryone,each .. . $6.00 


Prices on 1957-1960 issues available upon request 


SPECIAL SUBSCRIPTION OFFER: 


One year’s subscription to all four journals of the 1961 Series, as above listed: 


Subscriptions should be addressed to: 
Instrument Society of America 

530 William Penn Place 

Pittsburgh 19, Penna. 


General: United States and Canada. . $110.00 
Elsewhere 122.00 

Libraries of nonprofit academic institutions: 
United States and Canada. . $ 55.00 
Elsewhere .. . 


